Optimal Routing Problems and Multimodularity by Altman, Eitan et al.
HAL Id: inria-00072937
https://hal.inria.fr/inria-00072937
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Optimal Routing Problems and Multimodularity
Eitan Altman, Sandjai Bhulai, Bruno Gaujal, Arie Hordijk
To cite this version:
Eitan Altman, Sandjai Bhulai, Bruno Gaujal, Arie Hordijk. Optimal Routing Problems and Multi-
modularity. RR-3727, INRIA. 1999. ￿inria-00072937￿
IS
S
N
 0
24
9-
63
99
ap por t  
de  r ech er ch e 
THÈME 1
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Optimal Routing Problems
and
Multimodularity
Eitan Altman — Sandjai Bhulai — Bruno Gaujal — Arie Hordijk
N° 3727
June, 1999
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, B.P. 93, 06902 Sophia Antipolis Cedex (France)
Téléphone : 04 92 38 77 77 - International : +33 4 92 38 77 77 — Fax : 04 92 38 77 65 - International : +33 4 92 38 77 65
 
	 
!
	"
# $%&
"$$	')(*
+-,/.103254$6/.879032:;=<032>)?&03,A@CBED6F03,FG$;H@CI&D2JLKM0)D)?&036ON;P4IQ,SRTUJVIQ>,W?XZY
[]\E^8_a`Mbdcfedg1h`jilkVmn`8ohp3h'o^8_a`1h
qArslt'`8ouLv/h'o'rilwyx{z)w/s3s}|
edil|~|s}r'o~`r`1\E`8r\E`{}ck~E`xHbjc$|Zil`1h
1j~ o'\~v/h|Zil|`8rU`h'o'kEVpo'\E`Mhoilo'v/i}hh'v~_a`8)osl |Zi}¡`8ohUos£¢ |Zilrilww/`8w
\E`8o`8rs}`8E`1s}kEh¤h`8r'¥`8rh-vo'\¦EsL§~kV¨`8rhª©L«¬w/s3¡`1­|Zi}¡`8ohailr`w/sh'o¤ilE®o'\E`ns}§Vt'`18o'v¥`
v/hCos_¤v~v_¤v¯j`o'\E`¤i1¥`8ril`°k~_§`8rsl ±w/shoC|Zi}¡`8ohj©[]\E`$|Zil|`8r²v/h²Vv¥3v/~`1Lv)osno'\~r`1`
|Zilr'ohª©  ­o'\E`n³Erho$|Zilr'o¤¬`n ´s}r'_k~wSilo`o'\E`|~rs}§~w/`8_µi}hai¶u£ilr'¡sª¥®·²`18v/h'v/s}¸qArs}§~w/`8_
-vo'\n|Zilr'o'vSilws}§Eh`8r'¥}ilo'v/s}¹ilEa¬`d~`8r'v¥`²il`1º°k~v¥ilw/`8°o Ok~wws}§Eh`8r'¥ilo'v/s}|~rs}§~w/`8_»© ¼Ers}_
o'\~v/ha Ok~wwds}§Eh`8r'¥}ilo'v/s}½|~rs}§~w/`8_µ¬`9~`8r'v¥`£hs}_a`»h'o'r'kE8o'k~rilwCr`1h'k~wohj©¿¾`9`1hoil§~wv/h'\Hx]v
|Zilr'o'v/8k~wSilrjxVo'\E`C`QmVv/h'o`8E1`dsl Àils}|~o'v_Milw|`8r'v/s3Vv/d|s}wv/8p©A[]\E`Ch`11s}En|Zilr'o¬sl Ho'\E`d|Zil|`8r
~`jilw/h]-vo'\¹1s}_¤|~k~oilo'v/s}Zilwi}h'|`18oh]sl o'\E`d|~rs}§~w/`8_»© ¾`dkEh`d_k~wo'v_as)Vk~wSilr'voÁp¹os~`8r'v¥`
ilÂilws}r'vo'\~_Ãos1s}_¤|~k~o`9s}|~o'v_Milw|s}wv/8v/`1hMilE¸h\EsjÄo'\Zilo Ås}r¤oÆ¬s5h`8r'¥`8rh¤o'\E`91sh'o
 ´k~E8o'v/s}¹v/h]_Uk~wo'v_as3Vk~wSilrj©  o'\E`²o'\~vr|Zilr'o-`U1s}Eh'v/~`8r-o'\E`hil_a`²|~rs}§~w/`8_Ä-vo'\¹¬`8ww
¡3Esj-Milr'r'v¥ilw~|~rs31`1hh`1hjxh'kE\ai}ho'\E`-qÀs}v/hhs}aqArs)1`1hhjxo'\E`]u£ilr'¡sª¥$u£s3Vk~wSilo`1¤qÀs}v/hhs}
q rs)1`1hhdilE¹o'\E`u£ilr'¡sª¥)vSil£Çr'r'v¥ilwHqArs31`1hhj©
È»ÉÊËÌÍ Î u9k~wo'v_as3Vk~wSilr'voÆpxs}|~o'v_MilwE1s})o'rs}wyx|Zilr'o'vSilwwps}§Eh`8r'¥`1$u¶ilr'¡sj¥·C`18v/hv/s}
q rs)1`1hhªx~h'oilo'v/rs}k~o'v~E©
Ï ÐÑlÒÓyÒÕÔÅÒ'ÖÓÆ×yÑØÓyÒ%ÔÅÒÕÙjÚyÒ%ÛdÜWÙdÚyÑÜÝÔHØlÖ&ØÒÕÓ=Ñ}ÖÔHÞÒ%Ò%ÙCÔÅßØlØàÓÅÚyÒ'ÛdÞ1áÚyÑlÒâ{Ö&ÙªãOäàQåQÑdå&ÓÆÖÙjÚ=æ±çlè&éQê&êªë
ìÀí æÀî íOï±ðªñ ç òVç}è&ó ð êQôQè&ê8õ-öjàQØlÑÜÝÖ ï Ù1ÚyÜWØàQ÷WÜWÔÀøÒ'ÛÒÕù ðlú ÓÆÖ&Ùl×ÕÒQçZû~ãSüÖ&ÜW÷ýÖ÷þÚyüÖ&ÙÿÔÅà&ØlÑÜ Öjç ÜÝÙªÓyÜÝÖªç  Ó
 âEÓyÜ OÒÙÜ8ÒÕÓyÔÅÜþÚyÒ%ÜþÚ ð8ú ÖQ×Õß÷WÚFá±à  öª×ÕÜWÒ%Ù}×ÕÒÕÔ ð8ï ü-Ô´ÚyÒÕÓÆÛlÖü ð ÐÑÒæÒÁÚyÑlÒÕÓy÷ÝÖ&ÙlÛÔ%çVûEãSüÖ&ÜW÷ýVÔÅÞÑjßl÷ÝÖ&Ü ÿ×ÕÔ%ç jß)ç Ùl÷

	 î í´ï ðªñ ç ò~ç°ë'êQõ ð ô&ê8õ¬âÜW÷W÷WÒÕÓyÔ´ãS÷WÒ%Ô´ãSæÖ&Ùl×Áá ðlú ÓÆÖ&Ùl×ÕÒQçZû~ãFüÖÜW÷/ýZåQÖ&ß´Ö&÷ ÿ÷Wà&ÓyÜÝÖªç  Ó
 	 Ò%ÜÝÛÒ%ÙÙlÜ8ÒÁÓyÔÅÜWÚFá ð òVç  ç ñ àùdè  ëõ ð 	 Ò%ÜÝÛÒ%Ù ð ÐÑlÒæÀÒÕÚyÑlÒÕÓy÷ÝÖÙ}ÛÔ%çZû~ãSüÖ&ÜW÷ý~ÑlàÓÆÛÜ ÿ
HÜç ÷WÒ%ÜÝÛÒ%ÙjßlÙÜç Ù÷
  
A!½"$ {	 U 	n' "$$	% 
 
	   ·ilEh1`8oilr'o'v/8w/`xÀEs}kEhg8o'kEVv/s}EhUwWilo'o'r'v§~k~o'v/s}®h'oilo'v/º)kE`a~`1h|Zi}º)kE`8oh»¢
h`8r'¥`8k~rh-|Zilrilww/^8w/`1h\Eg8og8rs}^8E`1hdhilEh¬³Ew/`1hWilo'o`8°o`©H`1h-|Zi}º)kE`8oh-§~w/s3º°kEg1h-hs})o|`8rVkEh
`8owþs}§Vt%`18o'v  `1ho~`a_¤v~v_¤v/h`8rw/`Es}_U§~r`_asjp`8~`a|Zi}º)kE`8oh|`8rVkEhj©¬`8o¤ilr'o'v/8w/`n`1h'o
Vv¥3v/hg$`8Lo'rs}v/hC|Zilr'o'v/`1hj©²·ilEhCwSi|~r`8_¤v/^8r`|Zilr'o'v/`$Es}kEhd Ås}r'_Uk~w/s}Eh²w/`|~rs}§~w/^8_a`¤1s}_¤_a`
k~E`¤\Zi/E`a~`¤u¶ilr'¡sj¥¶1s}°o'r}w/g1`ij¥`1¤s}§Eh`8r'¥ilo'v/s}|Zilr'o'v/`8ww/`©AEh'k~vo`¤Es}kEh~g18r'v¥s}Eh
k~¿|~rs}§~w/^8_a`¶g1º°k~v¥ilw/`8°o»i1¥`1£s}§Eh`8r'¥ilo'v/s} 1s}_¤|~w/`8oj© ·²`91`L|~rs}§~w/^8_a`¶þs}§Eh`8r'¥ilo'v/s}
1s}_¤|~w/`8oEs}kEhs}§~o`8Es}Ehº)kE`8w/º°kE`1hrg1h'k~woilohh'o'r'kE8o'k~r`8w/hj©ds}kEh]_as})o'rs}Ehd`8¹|Zilr'o'v/8k~wv/`8r
wþ`QmVv/h'o`8E1` k~E`|s}wvo'v/º)kE`s}|~o'v_Milw/`|g8r'v/s3Vv/º°kE`©=i£~`8kVmVv/^8_a`|Zilr'o'v/`~`n1`8oailr'o'v/8w/`
o'rilvo`w/`1h±i}h'|`18oh )k~_ag8r'v/º°kE`1h¬Vka|~rs}§~w/^8_a`©Cs}kEh `8_¤|~w/sjps}Eh¬wSi²_k~wo'v_as)Vk~wSilr'vogC|s}k~r
s}§~o`8~vrk~ilws}r'vo'\~_a`¤º)k~vAjilw/8k~w/`¤~`1hCho'rilog8v/`1hs}|~o'v_Milw/`1h`8o²Es}kEh²_as}°o'rs}Ehº)kE`$wSi
 Ås}E8o'v/s}~`d1s~o]`1h'o±_k~wo'v_as)Vk~wSilvr`²|s}k~r¬w/`dji}h¬~`d~`8kVmMh`8r'¥`8k~rhj©®·ilEhwSio'rs}v/hv/^8_a`
|Zilr'o'v/`»Es}kEha1s}Eh'v/~g8rs}Ehaw/`»_8_a`¹|~rs}§~w/^8_a`9i1¥`1Lº°kE`8w/º)kE`1h¤|~rs31`1hh'kEhaWilr'r'v¥g1`»§~v/`8
1s}~)kEhjx3o`8w/h]º°kE`w/`|~rs31`1hh'kEh¬~`dqs}v/hhs}HxVw/`|~rs)1`1hh'kEh]qÀs}v/hhs}_as3Vk~w/gd`8o¬w/`d|~rs)1`1hhkEh
Wilr'r'v¥g1`Uu£ilr'¡sª¥)v/`8H©
Í j Ë !   uLk~wo'v_as)Vk~wSilr'vogxH1s})o'r}w/`¤s}|~o'v_MilwyxH\Zi/E`¤~`u¶ilr'¡sj¥£1s}°o'r}w/g1`Mij¥`1
s}§Eh`8r'¥}ilo'v/s}»|Zilr'o'v/`8ww/`xZrs}k~oil`h'oilo'v/º)kE`©
 
	! !	"#$%&'
(#"	) 
* + {"-,=d
 ¦o'\~v/h¤|Zil|`8r¤`»h'o'kEVp­o'\E`|~rs}§~w/`8_µsl s}|~o'v_Milwrs}k~o'v~5sl ilr'r'v¥)v~|Zi}¡`8ohav)os5i
hp3h'o`8_\Zi1¥3v~Ui³~mV`1)k~_U§`8r sl h`8r'¥`8rh ilEEs²º)kE`8kE`1hj©[]\E`-s}§Vt%`18o'v¥`]v/hos²_MimVv_¤v¯j`
o'\E`o'\~rs}k~\~|~k~ojxs}r`1º)k~v¥}ilw/`8)o'wp£os_¤v~v_¤v¯j`Mo'\E`w/shh`1hjxH-\E`8o'\E`a1s}°o'rs}ww/`8r\Zi}h²Es
vV Ås}r'_Milo'v/s}s}Lo'\E`h'oilo`$sl ±o'\E`$h`8r'¥`8rhj©²[]\~v/hC|~rs}§~w/`8_ jilL§`$8wSi}hh'v ³Z`1¶i}h²il¶s}|`8.
w/s3s}|s}|~o'v_MilwE1s}°o'rs}wE|~rs}§~w/`8_»© z)v_¤vwSilrA|~rs}§~w/`8_ah\Zi1¥`ilwr`ji}Vp§`1`8¤h'o'kEVv/`1$§)p¬s}_U§Eg
ilE­«]s1mV_Mi0/W21ÆxAesh'§`8r'¶ilE­[=sªh'w/`8p3/b(41-ilE05s3s}w/`6/bb1Æ©87Csj¬`8¥`8rjx `QmEi}8o$r`1hk~woh
~`8r'v¥`19kEh'v~Mo'\E`1h`_as)~`8w/hC~`8|`8E»s}9o'\E`$i}hh'k~_¤|~o'v/s}9o'\Zilodo'\E`v°o`8rilr'r'v¥ilwo'v_a`1hdsl 
o'\E`¹ilr'r'v¥ilw]|~rs)1`1hhailr`nvE~`8|`8E~`8°oav/~`8)o'v/jilwwp­Vv/ho'r'v§~k~o`1¸ilEs}­o'\E`¹i}hhk~_¤|~o'v/s}
o'\Ziloo'\E`h`8r'¥)v/1`o'v_a`1hilr``QmV|s}E`8)o'vSilwwpVv/ho'r'v§~k~o`1P©
7Cit'`8¡9/:4;1Av°o'rs3VkE1`1iEsj¥`8wil|~|~rsi}\os¹hs}w¥`h'kE\¶|~rs}§~w/`8_ahvo'\E`1s})o`Qm3osl 
º)kE`8kE`8v~²h'p3ho`8_ahjxª§Zi}h`1Us}U_k~wo'v_as)Vk~wSilr'voÁp©Aw/`8_a`8)oilr'pU|~rs}|`8r'o'v/`1hsl E_k~wo'v_as)Vk~wSilr
 ´k~E8o'v/s}Eh±ilEo'\E`8vrAr`8wSilo'v/s}Eh±-vo'\as}|`8.yw/s3s}|as}|~o'v_MilwZ1s}°o'rs}wZ|~rs}§~w/`8_ahilr`¬ ´k~r'o'\E`8r ~`.
¥`8w/s}|`1$v$Çdwo'_MilHx=<ilk}tilwVilE>7Cs}rVv tÕ¡?/b1Æ©  $Çdwo'_MilHx=<ilk}tilwyx"7ds}rVv t%¡ilE@5s3s}w/`A/W;1
iU|~rs}§~w/`8_ r`8wSilo`1oso'\E`Cs}E`Cvo'\~v/h¬|Zil|`8r]\Zi}h¬§`1`8hs}w¥`1P©±z3s}_a`²_Uk~wo'v_as3Vk~wSilrilE
z3\°k~r$1s}°¥`QmVvoÆp|~rs}|`8r'o'v/`1hsl ¬o'\E`M1sh'oh`8r`Ms}§~oilvE`1Px=-\~v/\®`8Zil§~w/`1os¹v¥`Mhs}_a`
\Zilri}8o`8r'v¯ªilo'v/s}Eh²sl s}|~o'v_MilwH|s}wv/8v/`1hj©
 ­o'\~v/h$|Zil|`8r$`s}§~oilv¦E`8vEhv\°o¤s}®o'\E`h'o'r'kE8o'k~r`sl s}|~o'v_Milw]|s}wv/8v/`1hkEhv~
o`1\~~v/º°kE`1h¤ Ors}_ u¶ilr'¡sj¥¦~`18v/h'v/s}|~rs)1`1hh`1hj©¾`h'\Esª o'\Ziloas}k~r¤|~rs}§~w/`8_ \Zi}haiLr`.
_Milr'¡il§~w/`MilEhk~r'|~r'v/h'v~Lu¶ilr'¡sj¥3vSil5h'o'r'kE8o'k~r`x`8¥`8o'\Es}k~\5o'\E`ilr'r'v¥}ilw |~rs31`1hhv/h$i
`8E`8rilwHhoilo'v/s}Zilr'pM|~rs31`1hhj©A[]\~v/h-ilww/sjh-kEh]os`1h'oil§~wv/h\no'\E`²`QmVv/h'o`8E1`²sl s}|~o'v_MilwP|`8r'v&.
s3Vv/|s}wv/8v/`1hj©C[]\~v/hCv_¤|~wv/`1h²v9 yi}8oCo'\Zilo²s}~wp£i¤³E~vo`°k~_§`8rsl ±h'oilo`1hilr`$E`1`1~`1£v
o'\E`u¶ilr'¡sj¥¹·²`18v/h'v/s}9q rs)1`1hh- ´s}rhs}w¥)v~¤o'\E`|~rs}§~w/`8_»©
¾`± ´k~r'o'\E`8rAs}§~oilv¤vo'\~v/h|Zil|`8rE`8¦_Uk~wo'v_as3Vk~wSilr |~rs}|`8r'o'v/`1h±i}h`8wwZi}h ilZilwp3o'v/jilw
`QmV|~r`1hh'v/s}Eh ´s}ro'\E`¤1sh'ohk~E~`8r`8E`8rilw oÆp3|`1hsl -ilr'r'v¥ilw |~rs31`1hh`1h
B´qs}v/hhs}­qArs)1`1hhjx
u¶ilr'¡sj¥u£s)Vk~wSilo`15qÀs}v/hhs}®qArs31`1hhjxÀu£ilr'¡sª¥)vSil5Çdr'r'v¥ilw±qArs31`1hh`1hDCQ©¤¾`ilw/hs»h'o'kEVp
il|~|~rsi}\E`1h Ås}r`EM8v/`8°od°k~_a`8r'v/jilwhs}wk~o'v/s}Ehsl o'\E`1s}°o'rs}wÀ|~rs}§~w/`8_»©
F  &
	 d&U{HGAJIA!
 ¶o'\~v/hh`18o'v/s}¬`a1s}Eh'v/~`8ro'\E`¤|~rs}§~w/`8_ sl ]s}|~o'v_Milw rs}k~o'v~9sl -ilr'r'v¥)v~»|Zi}¡`8ohv)os
iMh'pVh'o`8_Ä-vo'\£i¤³~mV`19°k~_§`8rsl  h`8r'¥`8rhd\Zi1¥3v~EsM¬ilvo'v~rs)s}_»©-[]\E`h`8r'¥`8rhds}r'¡
vE~`8|`8E~`8°o'wpsl V`ji}\s}o'\E`8rilE\Zi1¥`¬h`8r'¥)v/1` o'v_a`1hjxª-vo'\U`8E`8rilw)h`8r'¥3v/1`±Vv/h'o'r'v§~k~o'v/s}Ehªx
vE~`8|`8E~`8°odsl Ào'\E`ilr'r'v¥}ilwP|~rs31`1hhj©¾`i}hhk~_a`do'\Zilo-o'\E`C|~rs31`1hh-sl Àv)o`8rilr'r'v¥}ilwPo'v_a`1h
v/hdh'oilo'v/s}Zilr'pLilELo'\Ziloo'\E`$1s}°o'rs}ww/`8r²\Zi}hdEsavV Ås}r'_Milo'v/s}£s}£o'\E`Uh'oilo`sl  o'\E`h`8r'¥`8rhj©
[]\E`ds}§Vt%`18o'v¥`dvMo'\~v/h¬h`8o'o'v~$v/h±osU_Mim3v_¤v¯j`do'\E``QmV|`18o`1Mo'\~rs}k~\~|~k~o-s}r`1º)k~v¥ilw/`8°o'wp
os_¤v~v_¤v¯j`Uo'\E`w/shh]rilo`©
îÀî Ù"K~óL&õL
   &	"	
	 	 	  # 
  "! #$%!'&()+*-,$.
¬s}Ehv/~`8rih'p3ho`8_»xVos-\~v/\»|Zi}¡`8ohdilr'r'v¥`i}11s}rVv~Mosail9ilr'r'v¥ilwP|~rs31`1hh0/21+354 37698²x
-\E`8r`:1;3»r`8|~r`1h`8)oho'\E`¤ilr'r'v¥ilw `8|s3\H©¾`kEh`$o'\E`1s}°¥`8°o'v/s}®o'\Zilo<1>=@?BAilE¶¬`
i}hh'k~_a`o'\ZiloCo'\E`|~rs31`1hh:/DC 3 4 37698 sl  v)o`8rilr'r'v¥}ilwo'v_a`1hEC 3 ?F1 3-G>=(H 1 3 v/hh'oilo'v/s}Zilr'px
o'\)kEh</DCJILKNMOMOMKPC IGNQ 4ilER/DCJ3"KNMOMOM$KPC 3SGNQ 4 ilr`d`1º)kZilwvVv/h'o'r'v§~k~o'v/s}n Ås}r]ilww;Tx%U£ilEWVH©
Çdhhk~_a`o'\Ziloo'\E`h'p3ho`8_Ä\Zi}hC¢ |Zilrilww/`8wh`8r'¥`8rh-vo'\LEsa]ilvo'v~rs3s}_ ilE9vE~`.
|`8E~`8°oCh`8r'¥3v/1`o'v_a`1hjx~vE~`8|`8E~`8°o²sl Ao'\E`Uilr'r'v¥}ilw=|~rs)1`1hhª©(Xd|s}Lilr'r'v¥ilw=`ji}\9|Zi}¡`8o
_kEh'oH§`Ars}k~o`1oss}E`±sl Vo'\E`¢ h`8r'¥`8rhHvUo'\E` h'pVh'o`8_ ilEv/hÀh`8r'¥`1-vo'\$ih`8r'¥)v/1` o'v_a`x
-\~v/\\Zi}h-i`8E`8rilwh`8r'¥)v/1`dVv/h'o'r'v§~k~o'v/s}ZY I -\E`8rs}k~o`1nosUh`8r'¥`8rT\[^]-_-K$MOMOM$K¢B`©
  Po'\E`8r`v/h¬h'o'vwwi|Zi}¡`8o¬|~r`1h`8)o-iloo'\E`h`8r'¥`8rjx3-\E`8r`do'\E`|Zi}¡`8o¬v/h±rs}k~o`1nos~x°o'\E`8o'\E`
|Zi}¡`8o±vMh`8r'¥)v/1`]v/h±w/sh'o BO`djilwwEo'\~v/h o'\E`-|~r`1`8_¤|~o'v¥`dVv/h8v|~wvE` CQ©  ao'\E`h'|`18vSilwEji}h`sl 
iln`Qm3|s}E`8°o'vSilwPVv/h'o'r'v§~k~o'v/s}HxVs}E`djiln1s}Eh'v/~`8r¬vEh'o`ji}Mo'\E`dji}h`dsl Ho'\E`Es}.y|~r`1`8_¤|~o'v¥`
Vv/h8v|~wvE`v£-\~v/\¶o'\E`ilr'r'v¥)v~|Zi}¡`8oCv/hdw/sh'obao'\E`r`1h'k~wohC§`8w/sª -vwwAh'o'vww\Es}w/P©C[]\E`
_as3~`8wPv/h-vwwkEh'o'rilo`19v»¼vk~r`ab©
cedfdhgjiJcekjlnm
ooo
ooo
p
q
r
¼vk~r`ab-std|~o'v_MilwHrs}k~o'v~Mos¤h`8r'¥`8rh
Ç rs}k~o'v~|s}wv/8p¤v/h¬ih`1º)kE`8E1`vuZ?w/DuN=bKPu5xyKMOMOMb4x)-\E`8r`Euz3{[^]-_-KMOMOM>K¢|`C_a`jilEh¬o'\Zilo
o'\E`0U+}2~|Zi}¡`8ov/h-h`8)o-os¤h`8r'¥`8ruz3Z©A[]\E`i}8o'v/s}Ehilr`²oil¡`8¹-vo'\Es}k~odil°pn¡3Esj-w/`1V`sl 
o'\E`dh'oilo`sl Po'\E`dh`8r'¥`8rhjx)-\~v/\n_a`jilEh±o'\Zilo¬o'\E`rs}k~o'v~$v/h   	" ©[]\E`drs}k~o'v~U|~rs}§~w/`8_
v/hos¹³EE5irs}k~o'v~L|s}wv/8p¶o'\Zilo_Mim3v_¤v¯j`1hUo'\E`a`Qm3|`18o`1o'\~rs}k~\~|~k~osl ]o'\E`a|Zi}¡`8oh
v­o'\E`nh'p3ho`8_»©¶z)vE1`no'\E`w/shh$rilo`Mv/h$o'\E`v~vo'vSilw¬v¥`8­v~|~k~orilo`n_¤v°kEh$o'\E`¹i}8o'kZilw
o'\~rs}k~\~|~k~ojx=o'\~v/hv/h`1º)k~v¥}ilw/`8)oos_¤v~v_¤v¯1v~»o'\E`ai1¥`8ril`M°k~_§`8rUsl ¬w/sh'o|Zi}¡`8ohUv
o'\E`h'pVh'o`8_»© ds}o`o'\Zilod-\E`8E`8¥`8r²il¶i}8o'kZilwilr'r'v¥ilwH³EE~h²i|Zi}¡`8o²ilodo'\E`Uh`8r'¥`8rdo'\E`8r`
v/hdi$w/shhjxVo'\°kEho'\E`1sh'o] ´k~E8o'v/s}9jil9~`8|`8E»s}¹o'\E`v)o`8rilr'r'v¥}ilwÀo'v_a`1h`QmV8wkEhv¥`8wp©
H`8o¤o'\E`nrilE~s}_ ¥}ilr'vSil§~w/`(35/Du4~`8Es}o`o'\E`°k~_§`8rasl Cw/shh`1hdtÕkEho¤i ´o`8ro'\E`U }~
i}8o'v/s}¶v/hCoil¡`8¶k~E~`8rUia|s}wv/8puA©²[]\E`8o'\E`_Milo'\E`8_Milo'v/jilwA Ås}r'_Uk~wSilo'v/s}sl ±o'\E`$|~r`8¥3v&.
s}kEhwph'oilo`1as}§Vt'`18o'v¥`-v/hos²_¤v~v_¤v¯j`o'\E`¬ ´s}ww/sª-v~Uº°kZil)o'voÆpasª¥`8r o'\E`-h`8o sl ilwwZrs}k~o'v~
í æî í´ï
 
	! !	"#$%&'
(#"	) 
|s}wv/8v/`1hj© 
	3 _U 3   = 

/Du4PM B%b C
  )+  ^,9,$.   "! , *!  );-*, )N#"y.%$ 7! )+*, >.
XCh'v~ilil|~|~rsi}\Mh'v_¤vwSilr os 5ds)s}w/` /bb1Æx`] Ås}r'_Uk~wSilo`-o'\E`]_as3~`8w~k~E~`8r±1s}Eh'v/~`8rilo'v/s}
i}hinu¶ilr'¡sj¥£~`18v/h'v/s}|~rs}§~w/`8_
-vo'\|Zilr'o'vSilwwp£s}§Eh`8r'¥`1h'oilo`1hj©U[]\~v/h²-vww ilww/sª kEh²os
h\Esj½o'\Zilo±o'\E`8r`C`Qm3v/h'oh]ils}|~o'v_Milw|`8r'v/s)Vv/|s}wv/8p¤vs}k~r±`8E`8rilwh`8o'o'v~sl =h'oilo'v/s}Zilr'p
ilr'r'v¥ilwH|~rs31`1hhilE¹`8E`8rilwÀvE~`8|`8E~`8)odh`8r'¥3v/1`²o'v_a`1hj©
H`8o & ?('*)+ ~`8Es}o`Uo'\E`h'oilo`Uh'|Zi}1`© =`8o ,?B/ ,=bKNMOMOM$K , ) 4[ &»©-[]\E`8 ,"I ? AvEVv/jilo`1h$o'\Zilo$o'\E`8r`Mv/hEsL|Zi}¡`8oailoh`8r'¥`8r T §`Q Ås}r`Mo'\E`ME`Qm3o~`18v/h'v/s}H©    ,"I.- A
o'\E`8­o'\E`8r`v/h$i9|Zi}¡`8o|~r`1h`8)oiloh`8r'¥`8r TÃilE , I v/hUo'\E`os}oilw¬°k~_U§`8r¤sl Cilr'r'v¥ilw/h
o'\Zilos318k~r'r`1¹ilos}o'\E`8rh`8r'¥`8rh-h'vE1`Co'\~v/h]|Zi}¡`8oCilr'r'v¥`1P©A¾`i}hh'k~_a`Co'\Zilo-o'\E`²h'pVh'o`8_
v/hv~vo'vSilwwp»`8_¤|~oÆpx{o'\°kEho'\E`v~vo'vSilwÀhoilo`v/hv¥`8L§°p^/ A KMOMOM>KA74© =`8o / ? ]-_-K>MOMOMK¢B`
~`8Es}o`¬o'\E`-i}8o'v/s}ah`8ojx}-\E`8r`-i}8o'v/s} 0[ / 1s}r'r`1h'|s}E~hosdh`8EVv~o'\E`|Zi}¡`8oAosdh`8r'¥`8r0{© H`8o21;I §`i$rilE~s}_Ä¥}ilr'vSil§~w/`-vo'\9Vv/h'o'r'v§~k~o'v/s}RY0IUxVo'\E`89~`Q³EE`439I /DU4±§°p39IL/DU4?65 /71+I98'C9=;:=<><><?: CJ3z4PM BÅ C
Cs}o`¹o'\Zilo@39IL/DU4Ur`8|~r`1h`8)ohno'\E`»|~rs}§Zil§~vwvoÆpÂo'\Ziloi¶|Zi}¡`8onVv/ÂEs}oMw/`jij¥`Lh`8r'¥`8r{T
Vk~r'v~ U ilr'r'v¥ilw/hj© Csj o'\E`Lo'rilEh'vo'v/s}¿|~rs}§Zil§~vwvo'v/`1hn Ås}rMo'\E`£h'oilo`£1s}_¤|s}E`8)oh¹ilr`
v¥`89§°p
A I / ,"I K 0zK ,CBI 4 ?
DEEEEEEEEEF EEEEEEEEEG
_-K v   ,5I ? A K 0IH? T ilE , BI ? A39IL/ _S4PK v   ,5I ? A K 0 ? T ilE , BI ? _
_ H 39IL/ _S4PK v   ,5I ? A K 0 ? T ilE , BI ? A39IL/DUJ: _S4PK v   ,5I ? UilE , BI ? UK: _ ´s}rU^[L'
_ H 39IL/DUJ: _S4PK v   ,5I ? UilE , BI ? A Ås}rU^[L'
A K s}o'\E`8r'-v/h`-M
[]\E`UVvr`18o1sh'ohilr`²v¥`8»§)p
M / ,>K 0"4?ON A K , P<? A_-K , PQ- A M
[]\E`$h`8o²sl ±\~v/h'os}r'v/`1hilo²`8|s3\SRsl ±o'\~v/hCu£ilr'¡sª¥L~`18v/h'v/s}¶|~rs31`1hhdv/hC~`Q³EE`1i}hCo'\E`$h`8oTVU>? / &XW /4 UZYN= W &9©¼Es}r-i² ´k~ww{h'oilo`vV ´s}r'_Milo'v/s}u£ilr'¡sª¥M~`18v/h'v/s}|~rs)1`1hhªx3i|s}wv/8p
îÀî Ù"K~óL&õL
   &	"	
	 	 	  # 
uv/h±~`Q³EE`1i}h±i²h`8osl ~`18v/h'v/s}Mr'k~w/`1h
/ u = K u x KMOMOMO4=-vo'\ u U T U /©Az)vE1`-`djil~Es}o
s}§Eh`8r'¥`Mo'\E`h'oilo`nsl o'\E`h`8r'¥`8rhv­o'\E`¹il§sª¥`M|~rs}§~w/`8_  Ås}r'_Uk~wSilo'v/s}Hx±`nr`1h'o'r'v/8o$o'\E`
|s}wv/8v/`1h-osa~`18v/hv/s}»r'k~w/`1h--vo'\ u U  / UZYN=  /©
¼Es}r`ji}\»³~mV`1¹|s}wv/8p u5ilE¹`ji}\Lr`jilwv¯ªilo'v/s} V U sl  i\~v/h'os}r'pxEo'\E`²rilE~s}_ ¥ilr'vSil§~w/`
 U¬v/hdv¥`8§)p 0U ? u U / V U 4©[]\E`rilE~s}_
¥ilr'vSil§~w/`  U G>=²oil¡`1h²¥ilwkE`1h , U G>= [ &
-vo'\
|~rs}§Zil§~vwvoÁp A / , U K 0 U K , U G>= 4©¾¿vo'\no'\E`1h`~`Q³E~vo'v/s}Eh]o'\E`C`QmV|`18o`1ni1¥`8ril`²1sh'o8r'vo`8r'v/s}
 ´k~E8o'v/s}  / u4 v/h~`Q³EE`1»§)p
 / u 4?   
	
   _1  U  = M /  U K  Uh4PM BÅ C
=`8o 	 ~`8Es}o`Co'\E`Ch`8o]sl ilww|s}wv/8v/`1hj©A[]\E`²u¶ilr'¡sj¥~`18v/hv/s}n|~rs}§~w/`8_ v/h¬os³EE¹i|s}wv/8p
u
lx{v   voC`QmVv/h'ohjx{h'kE\£o'\Zilo  / u
y4 ? K ]  / u4 u [ 	:`©[]\~v/hCu¶ilr'¡sj¥9~`18v/h'v/s}£_as3~`8w
v/h\Zilri}8o`8r'v¯j`1L§°pno'\E`o'k~|~w/` / & K /K A K M 4©
ds}o`o'\Zilo-\E`8o'\E`av°o`8rilr'r'v¥ilw o'v_a`1hilr`vy© vy©þP©=ilE¶o'\E`¤h`8r'¥)v/1`o'v_a`1h$ilr`¤`Qm3|s;.
E`8)o'vSilwyxPo'\E`$o'rilEh'vo'v/s}¶|~rs}§Zil§~vwvo'v/`1hUs}~wp9~`8|`8E¶s}¶o'\E`|~r`1h`8E1`¤sl ¬ia|Zi}¡`8oiloCo'\E`
h`8r'¥`8rjx-\E`8r`ji}hvÂs}k~ra_as3~`8w¬`»\Zij¥`»osr`11s}rÂo'\E`¹o'v_a`Li¶|Zi}¡`8onh|`8E~hMiloMo'\E`
h`8r'¥`8rj© []\E`8r`Q ´s}r`o'\E`_as)~`8wPv%5s3s}w/`
/bb1=kEh`1h-o'\E`²r`1VkE1`1Lh'oilo`h'|Zi}1` ]eA KO_-` )©
  )+  ^,9,$.   "! , *! #(&( "y. $ %! )+*-,$.
[]\E`Uh'oilEEilrLil|~|~rsi}\Loshs}w¥`u¶ilr'¡sj¥»~`18v/h'v/s}»|~rs}§~w/`8_ahC-vo'\»|Zilr'o'vSilwÀvV ´s}r'_Milo'v/s}
v/hUos¹o'rilEh% Ås}r'_ o'\E`1h`M|~rs}§~w/`8_ahUv)osL`1º)k~v¥ilw/`8°ou¶ilr'¡sj¥~`18v/hv/s}5|~rs}§~w/`8_ah$-vo'\ ´k~ww
vV Ås}r'_Milo'v/s}H© 7Csj`8¥`8rjx)v¤`8E`8rilwZo'\~v/h o'rilEh% ´s}r'_Milo'v/s}r`1h'k~wohAv¤¥`8r'p§~vh'oilo`h|Zi}1`1hj©
[]\E`8r`Q Ås}r`dilws}r'vo'\~_ah±-\~v/\nhs}w¥`h'kE\u¶ilr'¡sj¥¤~`18v/h'v/s}M|~rs}§~w/`8_ah¬ilr`sl ´o`8Msl Pwv_¤vo`1
kEh`x)h'vE1`Co'\E`8vr]1s}_¤|~w/`Qm3voÁpv/h¬¥`8r'pawSilr'`ilE°k~_a`8r'v/jilwPr`1h'k~woh-ilr`²Vv&EM8k~wo]oss}§~oilvH©
 Âo'\~v/hh`18o'v/s}½`9 Ås}r'_Uk~wSilo`i5u¶ilr'¡sj¥¿~`18v/h'v/s} _as)~`8w /7&K /{K A K M 4¤-vo'\Â ´k~ww²h'oilo`
vV Ås}r'_Milo'v/s}Hx-\~v/\¶\Zi}hdo'\E`|~rs}|`8r'oÆp9o'\Zilodvodv/hC`1º)k~v¥}ilw/`8)odosMo'\E`U|Zilr'o'vSilwvV ´s}r'_Milo'v/s}
_as3~`8w=ilE¹p`8odilww/sªh- Ås}r-°k~_a`8r'v/jilw1s}_¤|~k~oilo'v/s}H©
H`8oV& ?7' ] ` ) §`o'\E`h'oilo`h'|Zi}1`©®[]\E`T{}~£1s}_¤|s}E`8)oK,"IÄsl 2,[ &
~`8Es}o`1hCo'\E`°k~_§`8rsl ilr'r'v¥ilw/ho'\Zilo²s)18k~r'r`1£h'vE1`o'\E`UwSi}hoCilr'r'v¥ilwÀosh`8r'¥`8rET©¾`
i}hh'k~_a`$o'\Ziloo'\E`v~vo'vSilw h'oilo`vo'\~v/hji}h`v/h / K$MOMOMK 4©H`8o / ? / §`$o'\E`¤1s}r'r`.
h|s}EVv~Mi}8o'v/s}£h'|Zi}1`©A[]\E`o'rilEh'vo'v/s}L|~rs}§Zil§~vwvo'v/`1hdilr`Esªv¥`8»§°p
A /Z,$K0"K ,B24 ? N _-K v   , B P ? _UilE@, BI ? ,"I: _ Ås}rilww$T H? 0A K s}o'\E`8r'-v/h`M
=`8oo'\E`CVvr`18o-1sh'o M /Z,$K0z4? 3 P /Z, P 4x)-\E`8r` 3 P / 4 `1º)kZilw/h±¯j`8rs~© Cs}o`do'\Ziloo'\E`C|s}wv/8v/`1h
v	 ilr`$ilww/sª`1£osn~`8|`8E£s} Uxh'vE1`o'\E`1h`rilE~s}_ ¥}ilr'vSil§~w/`1hC~sEs}odr`Q Å`8rosMo'\E`
í æî í´ï
 
	! !	"#$%&'
(#"	) 
hoilo`»sl Co'\E`9h`8r'¥`8rhj©Â[]\E`9`Qm3|`18o`1Âi1¥`8ril`£1sh'oa8r'vo`8r'v/s} 
~`Q³EE`1ho'\E` Ok~wwdh'oilo`
vV Ås}r'_Milo'v/s}Lu¶ilr'¡sj¥¹~`18v/h'v/s}L|~rs}§~w/`8_»©[]\E`E`Qm3oo'\E`1s}r`8_ h'\Esjho'\Ziloo'\E`|~r`8¥3v/s}kEh'wp
~`Q³EE`1»_as)~`8w/hilr`U`1º°k~v¥ilw/`8°oj©
 É)Í  É 		
 
 #=  / & K /{K A K M 4 	# /7&K /{K A K M 4 	  2	 J 02 > (  
2	"" D D ' 2 	  
(#  v 	   	   D  #!J ! 	 ?"2  	 #@ -2  	 
  
	5 D   2D
  D
	 " D D "     "2 
(#=  	#%2  D  (  #
	; 	(=     2@D
	    D !	" > 	
 ( H`8o u^[ 	 §`²il»ilr'§~vo'rilr'pM|s}wv/8p© ·²`Q³EE`do'\E`²h'o'r'v~¤sl i}8o'v/s}Eh0/ 0 = K 0 x KNMOMOMb4§°p0z=v? u=jx 0 x<? ux9/ 0z=J4PKMOMOM© Csj ~`Q³EE`$o'\E` ´k~E8o'v/s}   	  	 hkE\£o'\Zilo<u ?! / u 4
v/ho'\E`1s}Eh'oil°od|s}wv/8pnv¥`8»§°puU /V
U 4? 0U ´s}rilww V U©
¼~rs}_ o'\E`»~`Q³E~vo'v/s}½sl 2, Uvo ´s}ww/sªhao'\Ziloao'\E`T }2~ 1s}_¤|s}E`8°onsl 2, Uv/ha`1º)kZilwos
/Z, U 4 I ? R HI#"%$'& ] 0 & ? TR`²v  h'kE\Lil)(`QmVv/h'ohilEvV³E~voÆps}o'\E`8r'-v/h`©dsª vo Ås}ww/sjh
o'\ZiloV5  /  U 4 I ? U  v/h¤Es}.y¯j`8rs­s}~wp¦v   0!UZYz3 ? T©¿[]\E`8r`Q ´s}r`S5  /  U 4 I ? U  ?39I  /Z,Uh4 I   Ås}rUB? /Z,U 4 I ilEÂ¯j`8rs­s}o'\E`8r'-v/h`© ds}o`9o'\Ziloo'\E`£`Qm3|`18o`1Â1shons}~wp
~`8|`8E~hCs}9o'\E`_Milr'vZilw|~rs}§Zil§~vwvo'v/`1hj©d¼~rs}_o'\E`h'o'r'kE8o'k~r`$sl o'\E`$1sh'o Ok~E8o'v/s}¶ilE
o'\E`o'rilEh'vo'v/s}M|~rs}§Zil§~vwvo'v/`1h¬voA Ås}ww/sjho'\Zilo  M /  U K 0z4? 3 P  /Z, U 4 P  ?  M /  UPK 0"4©¼Ers}_o'\~v/h- Åi}8o-vo- Ås}ww/sjho'\Zilo  / u4 ?  * / u4 ©
H`8o{u [ 	 §`£il ilr'§~vo'rilr'pÂ|s}wv/8p© ds}o`Lo'\Ziloo'\E`8r`9v/hs}~wp¸s}E`¶hil_¤|~w/`L|Zilo'\
V
Ux-\~v/\s318k~rhd-vo'\¶Es}.y¯j`8rs|~rs}§Zil§~vwvoÁpxHh'vE1`$o'\E`Uv~vo'vSilw hoilo`Uv/hC¡3Esj-ilE£o'\E`
o'rilEhvo'v/s}»|~rs}§Zil§~vwvo'v/`1hCilr`²¯j`8rsMs}rs}E`©dsª ~`Q³EE`o'\E``1º)k~v¥}ilw/`8E1`r`8wSilo'v/s}+s} 	
hkE\¹o'\Zilou)+ u B v  uU /V
U 4? u BU /V U 4©Csj vo-Vvr`18o'wp ´s}ww/sªh-o'\Zilo-|s}wv/8v/`1hv¹o'\E`hil_a`
8wSi}hh±\Zij¥`do'\E`Chil_a`C1sh'oj©A¼~k~r'o'\E`8r'_as}r`²vo ´s}ww/sªh¬o'\Zilo¬o'\E`C1s}Eh'oil)o¬|s}wv/8p u BU  Ås}r¬`ji}\R¬v/hi$r`8|~r`1h`8)oilo'v¥``8w/`8_a`8)ov¹o'\E`8wSi}hhjxV-\~v/\»v/ho'\E`v_Mil`sl  i|s}wv/8pnv 	$©
Ç]o=o'\~v/hH|s}v°o`±¡)Esª5o'\ZiloÀv  Eo'\E`8r`±`QmVv/h'ohÀil$s}|~o'v_Milw°|s}wv/8p² ´s}rHo'\E`  Ok~ww3s}§Eh`8r'¥ilo'v/s}
|~rs}§~w/`8_»x)o'\E`8ao'\E`8r`-v/h¬ilw/hsilMs}|~o'v_Milw{|s}wv/8p$ Ås}rAo'\E`-|Zilr'o'vSilwwpas}§Eh`8r'¥`1¤|~rs}§~w/`8_-vo'\
o'\E`hil_a`¥ilwkE`©  Ms}r~`8ros|~rsj¥`do'\E``QmVv/h'o`8E1`sl =ilMs}|~o'v_Milw|s}wv/8p Ås}r±s}k~r±`QmV|`18o`1
ij¥`8ril`U1sh'o-|~rs}§~w/`8_»xZ`²³Erho-v°o'rs3VkE1`o'\E`Vv/h1s}k~)o`191sh'obs
,.-;/Du K ,4 ?   /  U  =10 UZYN=  /  U K  U 4*2;M
[]\E`Us}|~o'v_Milw=Vv/h1s}k~°o`1L1sh'o-v/h~`Q³EE`1£i}h
, - /Z,4? K ]%, - /Du K ,4hu [ 	L`-M
Ç h'kEM8v/`8°o1s}EVvo'v/s} Ås}r]o'\E`²`Qm3v/h'o`8E1`²sl s}|~o'v_MilwHh'oilo'v/s}Zilr'p|s}wv/8p¤ Ås}r]o'\E`C`QmV|`18o`1
ij¥`8ril`a1sh'o²v/h²o'\Zilo33 , - /Z,4 H , - /54 4633 v/h²k~~v  Ås}r'_¤wp£§s}k~E~`1¶v 0 ilEI, Ås}r²hs}_a`74Ex
îÀî Ù"K~óL&õL
4  &	"	
	 	 	  # 
-\E`8r` , - /Z,4 r`8|~r`1h`8°oh-o'\E`²_¤v~v_Milw 0 .ÆVv/h1s}k~°o`1L1sh'oh B´[]\E`1s}r`8_V©WVx \Zil|~o`8rd$sl edshh /bj21CQ©
ds}o`±o'\ZiloÀkEh'v~Co'\E`±h&il_a`±|s}wv/8p² ´s}rVv ¨`8r`8)oÀv~vo'vSilw~h'oilo`1hjils}~wpUw/`ji}UosCiVv ¨P`8r.
`8E1` v1sh'oH-\E`8i¬|Zi}¡`8o=v/hHh`8)oHosi-h`8r'¥`8rH ´s}rPo'\E`³Erh'o=o'v_a`©z)vE1`(A  0 U M /Z,>K04  _vo± ´s}ww/sªh±o'\Zilo¬o'\E`Vv ¨P`8r`8E1`dv1sh'o¬jil~Es}o§`-wSilr'`8r¬o'\Ziln¢© dsªÂw/`8o u-~`8Es}o`do'\E`
0 .Æs}|~o'v_Milw=|s}wv/8pn ´s}rv~vo'vSilw=h'oilo` 4ilE , - /Du  K ,4±o'\E`¥}ilwkE`² Ås}ro'\E`Ui}hh'v~_a`8°oC~s}E` Ås}r-v~vo'vSilw=h'oilo`,9kEh'v~ u}©A[]\E`8
,.-;/Z,4 H ,.-N/54 4  , -N/Du9K ,4 H ,.-;/54 4 ? , -+/Du9K ,4 H ,.-N/Du9K 4 4  ¢ M
[]\E`|~rs)sl v/h1s}_¤|~w/`8o`1¹§)pnr`8|`jilo'v~ao'\E`Uilr'k~_a`8)o Ås}r , - /54 4 H , - /Z,4±-vo'\Zu3©
 Eh'o`ji}¹sl A~`1h8r'v§~v~ni$|s}wv/8pkEh'v~Mi¤h`1º)kE`8E1`@uAxVvo-vwwÀhs}_a`8o'v_a`1h§`²_as}r`\E`8w|V ´k~w
os1s}Eh'v/~`8r¬iln`1º°k~v¥ilw/`8°o]~`1h8r'v|~o'v/s}nkEh'v~$o'v_a`Vv/h'oilE1`1h§`8oÁ`1`8|Zi}¡`8oh¬rs}k~o`1os
`ji}\9h`8r'¥`8rj© u£s}r`²|~r`18v/h`8wpx{~`Q³EE`² ´s}rh`8r'¥`8r
T

I / A74 ? A ilE  I /	z4? J ]
 -  I /	 H _S4hu  ? TR`-K
 Ås}r{[L'L©·²`Q³EE`o'\E`Vv/hoilE1`h`1º)kE`8E1` I §°p
 I ? / I = K Ix KMOMOMb4PK -vo'\  I ? 
I /	z4 H  I /	 H _S4PK
 Ås}r [ '£©  ¦s}r~`8ros¶h'\Esªo'\Ziloo'\E`1h`nº)kZil°o'vo'v/`1hailr`n`8ww-~`Q³EE`1PxA¬`h'\Esª o'\Zilo
`ji}\s}|~o'v_Milw |s}wv/8p9kEh`1h`8¥`8r'p£h`8r'¥`8rvV³E~vo`8wpL_Mil)pLo'v_a`1hª©  ¶o'\E`¤h`1º°kE`8w¬`¤Vrs}|
o'\E`§Zilrvo'\E`Es}oilo'v/s}HxVh'vE1``²ilwr`ji}VpM`1h'oil§~wv/h'\E`1n`1º)k~v¥}ilw/`8E1`d§`8oÁ`1`8o'\E`d|Zilr'o'vSilw
ilE¹ Ok~wwHh'oilo`²vV Ås}r'_Milo'v/s}9_as3~`8wy©
 É)Í  É 	  ;)9D
	   D) uF? /DuN=bKPu+xeK$MOMOMO4  	; 2! D ) 2 	 - ;)
 ( ; '   #@    ) 
	 )- D  2= 
	 ] hu  ? TR`E?  " T [R]-_-K$MOMOMK¢B` 
 ( Çdhh'k~_a`o'\Zilo¤o'\E`8r`v/hai£h`8r'¥`8r Tx -\~v/\v/hEs}o¤kEh`1¦vV³E~vo`8wp®_Mil)p®o'v_a`1hª©
[]\E`8o'\E`8r`v/hilÃh'kE\¶o'\Zilo@u  H?BT  Ås}rilwwS8­©H`8o0u B ? /Du0KPu G>=bK$MOMOMO4©  o
 Ås}ww/sjhCo'\ZiloCo'\E`Vv ¨P`8r`8E1`sl  o'\E`$os}oilw`QmV|`18o`1£1sh'ohdk~°o'vw il°p9o'v_a`:U5-vo'\ U -
§`8oÆ¬`1`8o'\E`|s}wv/8v/`1hu£ilE u B v/h¬ilo_asho¬¢©±z)vE1`o'\E`C8r'vo`8r'v/s} ´k~E8o'v/s}nw/s)s}¡Vhiloo'\E`
`QmV|`18o`1»i1¥`8ril`U1sho§s}o'\¹|s}wv/8v/`1h\Zij¥`o'\E`hil_a`1sho  /Du4?  /Du B 4©
dsª\Es3sh`0U¶h'kE\¹o'\Zilo#39IL/DU4  /Du B 4© ds}o`²o'\Zilo-o'\~v/hv/h]|shhv§~w/`ChvE1`²o'\E`1sh'o
vE8k~r'r`1kEh'v~ilnilr'§~vo'rilr'pa|s}wv/8pv/h±|sh'vo'v¥`dilEh'vE1`- Ås}r¬ilww+Tx   339IL/DU4?FAV©
·²`Q³EE`o'\E`²|s}wv/8pu B B §)p
u B B ? N TRK v  av/hdi_Uk~wo'v|~w/`sl  Uu B Y ! 3" K s}o'\E`8r'-v/h`-M
í æî í´ï
 
	! !	"#$%&'
(#"	) 
Cs}o`o'\ZiloCo'\E`i}hh'v~_a`8)ohC ´s}rilwwZx-\~v/\5ilr`Es}oia_k~wo'v|~w/`¤sl  UAxilr``1º)kZilwk~E~`8r
§s}o'\ u B ilE u B B x}§~k~oAs318k~rÀwSilo`8rAk~E~`8ru B B ilE$o'\E`8r`Q ´s}r` M   G ! 3 " /Du B B 4PK   G ! 3 " /Du B B 4 
 M    /Du B 4PK   /Du B 4  ´s}rdilwwM-\~v/\¶ilr`UEs}odi¤_k~wo'v|~w/`sl UA©  o- Ås}ww/sjhdo'\Zilo  /Du B B 4 =3 39IL/DU4;: 3 YN=3  /Du B 4©¶«¬p5~`Q³E~vo'v/s}sl vUÂvo Ås}ww/sjh$o'\Zilo  /Du B B 4   /Du B 4xo'\°kEh u B v/h
Es}oCs}|~o'v_Milwy©d[]\~v/hdw/`ji}~hdosniM1s}°o'ri}Vv/8o'v/s}Hx§`1jilkEh`vod ´s}ww/sªho'\Zilo<uv/hdEs}o²s}|~o'v_Milw
`8vo'\E`8rj©
 É)Í  É 	    39IL/DU4  - DD  )  ; D>	# #=   	; '      U  !	 T   82     -	6'
	  D (#D  D) 
 ( H`8ou¶§`²il»ilr'§~vo'rilr'p|s}wv/8pnilET §`il»ilr'§~vo'rilr'ph`8r'¥`8rj©z)k~|~|sh`Co'\Zilo-o'\E`
Vv/hoilE1`h`1º°kE`8E1` 0? I  Ås}r¬o'\~v/hh`8r'¥`8r]\Zi}h]o'\E`d|~rs}|`8r'oÆpno'\Zilo 
	 ]    W[L'Z`v?  ©
¾`²h'\ZilwwH1s}Eho'r'kE8oi$|s}wv/8p{u B -vo'\»Vv/h'oilE1`h`1º°kE`8E1`   h'kE\¹o'\Zilo  	 ]     {[L'`v/h-³E~vo`UilE /Du B 4   /Du4©
H`8o A ? K ] 39I /"4 H 39I /: _S4hT\?w_-KMOMOM$K¢FK	? _-KMOMOM>K¢|`© Cs}o`o'\Zilo A v/h
|sh'vo'v¥`x}h'vE1` 3v/hH|sh'vo'v¥`ilE$~`18r`ji}h'v~E© dsª­\Es)sh`(UMhkE\Uo'\Zilo
@?
 39I /DU4  A ©
Cs}o`$o'\Zilo²o'\~v/h²v/h²|shhv§~w/`xPh'vE1` 3 I /DU4-s)`1hCosn¯j`8rs»i}h0U5s3`1h²osnvV³E~voÆp©¤z)vE1`$o'\E`
hk~|~r`8_Uk~_ sl Po'\E`dVv/h'oilE1`Ch`1º)kE`8E1`v/hvV³E~voÆpxVo'\E`8r`dv/hi   -
9U:
}¢ : _© ¬s}Ehv/~`8r
o'\E`
}¢ :B_¶1s}Eh`18k~o'v¥`i}hh'v~_a`8)ohnhoilr'o'v~ U k~~vohni ´o`8r¹i|Zi}¡`8onv/hrs}k~o`1½os
h`8r'¥`8rT Ås}r]o'\E` }2~ o'v_a`©z)vE1`²o'\E`8r`ilr`¢ h`8r'¥`8rhjx3vo] ´s}ww/sªh]o'\Zilo-o'\E`8r`²v/h-ilo-w/`ji}h'o
s}E`h`8r'¥`8rjxÀos»-\~v/\¦i¹|Zi}¡`8ov/h$i}hh'vE`1o'\~r`1`Mo'v_a`1hjxhi1p^T B ©ned`8|~wSi}1`¤o'\E`Mh`11s}E
i}hh'v~_a`8°oosT B vo'\~v/hh`1º)kE`8E1`¤§°pil5i}hh'v~_a`8)oUos»h`8r'¥`8rLT©a[]\E`ah'vo'kZilo'v/s}5v/h
~`8|~v/8o`1»v9¼vk~r`UV©
m

q q q q q
 
m
    
q q  q q  q

¼vk~r`U s¬sho-r`1VkE8o'v/s}
îÀî Ù"K~óL&õL
b   &	"	
	 	 	  # 
¾`1s}Eh'v/~`8ro'\E`$~`18r`ji}h`Uv9o'\E`os}oilw`QmV|`18o`1L1sh'ok~)o'vwÀo'\E`So'\LvEh'oil°ojx{-\E`8r`v/h
il»ilr'§~vo'rilr'pv°o`8`8rwSilr'`8r]o'\Zilo'\E`²o'v_a`ilo¬-\~v/\9i|Zi}¡`8ov/h¬rs}k~o`1osh`8r'¥`8rTÄ Ås}r
o'\E`  : _jh'oo'v_a`© []\~v/h~`18r`ji}h`v/hv¥`8»§°p
 39IL/  4 : 3 I  /y=O4 :3 I  /Oxy4 H  39I:/ B 4C:39IL/ B B 4 : 3 I  /y=;: Oxy4 -
 39IL/  4 : 3 I  /y=O4 :3 I  /Oxy4  H  
 39I:/DU4C:3 I  /y=;: _S4  ?39IL/  4 : 3 I  /Ox94C:  3 I  /y=b4 H 3 I  /y= : _S4  H  
 39I /DU4  -39IL/  4 : 3 I  /Ox94C: A H 
 - A M
[]\E`³Erh'oCvE`1º°kZilwvoÁp¹ ´s}ww/sªhd Ors}_o'\E` yi}8oo'\Zilo<U  B x"U   B B x = :  x 8  = : _ilE3­v/hU~`18r`ji}h'v~E©[]\E`h`11s}EvE`1º)kZilwvoÆp¶ Ås}ww/sjh Ors}_ o'\E`M~`Q³E~vo'v/s}­sl  A ©nz)vE1`V3­v/h
|sh'vo'v¥`²vo- Ås}ww/sjh§°p1s}Eh'o'r'kE8o'v/s}Lsl U¶o'\Zilo-o'\E`wSi}h'o-vE`1º)kZilwvoÆp¹\Es}w/~hª©
e`8|`jilo'v~£o'\~v/h$|~rs31`1Vk~r`n ´s}r`8¥`8r'p   - 
9US:
}¢ : _n|~rsj¥3v/~`1h¤kEh¤i»|s}wv/8p u B
hkE\­o'\Zilo  /Du B 4   /Du4ilE  
	 ]      [ '`  
9U : 
}¢ : _©L«pr`8|`jilo'v~£o'\~v/h|~rs31`1Vk~r`¤ Ås}r`8¥`8r'ph`8r'¥`8rjxÀ`a`8o$il5s}|~o'v_Milw±|s}wv/8p¶o'\Zilo¥)v/hvohUin³E~vo`a)k~_U§`8rsl 
hoilo`1hj©Â«¬p \Zil|~o`8r 4sl qAk~o`8r'_Mil /bª21¬`¹¡3Esj o'\Ziloo'\E`»s}|~o'v_MilwC|s}wv/8p¦jilÂ§`
\Esh`8h'oilo'v/s}Zilr'p©  od Ås}ww/sjho'\Zilo@u 3 /V 3 4?|u + /Z, 3 4©z)vE1`o'\E`¤h'oilo`$o'rilEh'vo'v/s}Ehilr`
~`8o`8r'_¤v~v/ho'v/vo] Ås}ww/sjho'\Ziloo'\E`s}|~o'v_MilwH|s}wv/8pv/h-|`8r'v/s3Vv/©
¼Ers}_ BÅ C vo± Ås}ww/sjh¬o'\Zilo 39IL/DU4Ahilo'v/h%³Z`1ho'\E`d1s}EVvo'v/s}Eh]vo'\E`|~r`8¥3v/s}kEh¬o'\E`1s}r`8_»x~h'vE1`
o'\E`rilE~s}_
¥ilr'vSil§~w/`1h@C 3 ilr`|sh'vo'v¥`©$[]\E`8r`Q ´s}r`¬`¡)Esª o'\Ziloo'\E`¤s}|~o'v_Milw |s}wv/8v/`1h
ilr`C|`8r'v/s)Vv/©  no'\E`²E`Qm3o-h`18o'v/s}¬`²-vwwHh'\Esj \Esª `jilkEh`Co'\~v/h]r`1h'k~wo]v»s}r~`8r-os
kEh`²_Uk~wo'v_as3Vk~wSilr'voÆp»os$³EE»s}|~o'v_MilwÀrs}k~o'v~a|s}wv/8v/`1hj©
	 
(*-,f! );R$&*,. *- {z>z 
 9o'\E`$|~r`8¥3v/s}kEh²h`18o'v/s}¶`h'\Esj¬`1£o'\ZiloCo'\E`$s}|~o'v_Milw|s}wv/8p» ´s}rilwwAh'oilo'v/s}Zilr'pLilr'r'v¥ilw
|~rs31`1hh`1hdv/hC|`8r'v/s3Vv/©  Lo'\E`$ji}h`$o'\Zilodo'\E`8r`¤ilr`s}~wp»oÁs¹h`8r'¥`8rhCv¶o'\E`hp3h'o`8_»x¬`
jil£hi1p¹_as}r`il§s}k~oo'\E`Uho'r'kE8o'k~r`sl  o'\E`s}|~o'v_MilwÀ|s}wv/8pxZkEhv~Mo'\E`U Åi}8odo'\Ziloo'\E`8r`v/h
i ´k~wwHh'oilo`vV Ås}r'_Milo'v/s}Lu¶ilr'¡sj¥~`18v/h'v/s}»|~rs31`1hh] Ås}r-o'\~v/h_as3~`8wy©
  Hvk¿ilEÂ[Àsjh'w/`8p /bj21voMv/ha|s}v°o`1Âs}k~oMo'\ZiloM-\E`8¸o'\E`Lh'p3ho`8_ \Zi}hav/~`8°o'v/jilw
h`8r'¥`8rhjxEo'\)kEho'\E`h`8r'¥)v/1`Vv/h'o'r'v§~k~o'v/s}Eh²sl Ao'\E`Uh`8r'¥`8rh²ilr`U`1º)kZilwyxZo'\E`8Lo'\E`   # '
|s}wv/8pv/hs}|~o'v_Milwyx{-\~v/\£_a`jilEho'\ZiloCh`8EVv~ni¤|Zi}¡`8oCosM`ji}\£h`8r'¥`8rCilwo`8r'Zilo'v¥`8wp9v/h
s}|~o'v_Milwy©A[]\E`]E`QmVo o'\E`1s}r`8_ h\EsjhAo'\ZiloA Ås}rAoÆ¬sUh`8r'¥`8rh -vo'\M`Qm3|s}E`8°o'vSilw{h`8r'¥)v/1`]o'v_a`1h
o'\E`²s}|~o'v_MilwP|`8r'v/s)Vv/d|s}wv/8pMv/h]h`8EVv~¤o'\E`d³Erh'o¬|Zi}¡`8o-os$o'\E`²h'w/sj¬`1h'oh`8r'¥`8rilEno'\E`8
h`8¥`8rilwH|Zi}¡`8ohos¤o'\E`C Åi}ho`1h'oh`8r'¥`8rj© É)Í  É 	1   ; ( 2 	  2 	 @ ( ;D E	 ;   (D   D   =D  	" !D 
 	 ) #'    #  2 	"   = 	# x  D    ; )  D 32 	  =   x    2
'
	   D)  	; 2 "D / _-K 
7K>MOMOMK 
%4  
í æî í´ï
 
	! !	"#$%&'
(#"	) bb
 ( «¬pn[]\E`1s}r`8_V©W$¬`²¡)Esªo'\ZiloilwwPo'\E`h`8r'¥`8rhilr`²kEh`1vV³E~vo`8wpn_Mil)po'v_a`1hª©
[]\)kEh¬o'\E`di}hh'v~_a`8)o]osh`8r'¥`8rCbCilE1s}Eh`18k~o'v¥`8wpMosh`8r'¥`8r-s318k~rhvV³E~vo`8wpM_Mil°p
o'v_a`1hª©»«¬p[]\E`1s}r`8_ V©b`¡3Esj o'\ZiloUo'\E`nh'oilo`ni ´o`8rUo'\E`1h`s318k~r'r`8E1`1h¤ilr`M`1º)kZilwy©
[]\E`8r`Q Ås}r`Co'\E`Ci}hh'v~_a`8°oh]§`8oÆ¬`1`8¹o'\E`1h`ds318k~r'r`8E1`1h]_UkEho]`1º)kZilwos)s~© Csj vo¬v_¤_a`.
VvSilo`8wpn Ås}ww/sjh-o'\Ziloo'\E`8r`v/hil9s}|~o'v_MilwH|s}wv/8psl o'\E`² Ås}r'_ uZ? / _-K$MOMOM$KO_-K 
7K$MOMOM$K 
%4©
dsª¿h'k~|~|sh`-o'\Ziloo'\E`°k~_§`8r]sl ±b þhilEn þh vnh'kE\i|s}wv/8p¤ilr`v¥`8§)pK0¤ilE 
r`1h|`18o'v¥`8wp© H`8o UZ? 0%: xo'\E`8  /Du4=v/h±v¥`8M§)p U  /Du4? / 0 H _S437=e/ _S4: 37=O/ :^_S4!:
/  H _S43 x / _S4 : 3 x / 0: _S4© H`8oo'\E` |s}wv/8p@u B §`±o'\E` |s}wv/8p-\E`8r`±o'\E` ³Erh'ob±v/h=v)o`8r\Zil~`1
-vo'\Uo'\E` wSi}h'oÀV©À[]\E`8 U  /Du B 4? / 0 H 
%437=y/ _S4 :37=9/ O4 :37=e/
%4 : /  H 
%43-x7/ _S4 :3-xS/ 0z4 :3-x/
%4©
Csj'U  /Du4 H  /Du B 4+?	  37=b/ :Z_S4 H 37=y/ b4  H  37=b/
%4 H 37=e/ _S4 
 :  3-x9/ 0 :Z_S4 H 3-x/ 04  H
 3-x9/
%4 H 3-xy/ _S4 
 © ¼~rs}_Ão'\E`L1s}°¥`QmVvoÆp½sl 39I /DU4v U voa Ås}ww/sjhno'\ZiloMo'\E`9|~r`8¥)v/s}kEh
º)kZil°o'voÁp»v/hd|sh'vo'v¥`©-[]\E`8r`Q Ås}r`o'\E` Ås}r'_sl Ao'\E`$s}|~o'v_MilwÀ|s}wv/8p¹v/h`8vo'\E`8r / _-K 
7K$MOMOM>K 
%4
s}r:/
7KO_-K$MOMOMKO_S4©Cz)vE1`  =   x ilE9o'\E`8r`Q ´s}r` 3 = /DU4 - 3 x /DU4 ´s}r²ilww>U [ '£x~vo Ås}ww/sjh
o'\Zilo / _-K 
7K$MOMOMK 
%4¬v/h-o'\E`s}|~o'v_Milw=|s}wv/8p©
 # ' "$$	%3(
uLk~wo'v_as3Vk~wSilr'voÆp£¬i}h²v°o'rs3VkE1`1§)p%7²it%`8¡9/:421 Ås}rdo'\E`h'o'kEVp£sl ¬i}V_¤v/hh'v/s}1s})o'rs}w v
º)kE`8kE`8v~Mh'pVh'o`8_ahj©[]\E`ho'kEVpM Ås)8kEh`1¹s}¹o'\E`Ui}hh'v~_a`8)osl Aih`1º°kE`8E1`sl  ilr'r'v¥}ilw/hCilo
i1s}°o'rs}ww/`8rjxE-\Es\Zi}h¬osi}hh'v¹i$1`8r'oilv ´ri}8o'v/s}os¤ilvV³E~vo`²º)kE`8kE`© 7Cit'`8¡a|~rsj¥`1Px
§)p»kEh'v~_Uk~wo'v_as3Vk~wSilr'voÆpx=o'\Zilo²o'\E`s}|~o'v_Milw i}hh'v~_a`8)o\Zi}h²hs}_a`Ur`8k~wSilrho'r'kE8o'k~r`x
-\E`8r`o'\E`s}§Vt%`18o'v¥`v/h-os_¤v~v_¤v¯j`o'\E``QmV|`18o`1°k~_U§`8rdsl A8kEh'os}_a`8rhv»o'\E`º°kE`8kE`©
 o'\~v/h-h`18o'v/s}¹¬`~`Q³EE`²_Uk~wo'v_as3Vk~wSilr'voÆp»ilE¹h'o'kEVphs}_a`d|~rs}|`8r'o'v/`1hsl o'\~v/h-1s}.
1`8|~oj©¼~k~r'o'\E`8r'_as}r`¶¬`£h\Esj o'\Zilo_k~wo'v_as)Vk~wSilr'voÁp |~rsj¥3v/~`1hkEhn-vo'\ i_a`8o'\Es3½os
1s}_¤|~k~o`s}|~o'v_MilwÀrs}k~o'v~|s}wv/8v/`1hª©  »|Zilr'o'v/8k~wSilrC`h'\Zilww=|~rsª¥`Uo'\Zilov£ji}h`¬`U\Zij¥`
oÁsh`8r'¥`8rh-v¹o'\E`h'pVh'o`8_»xVo'\E`1sho] Ok~E8o'v/s}»v/h_Uk~wo'v_as3Vk~wSilrj©
 ^".(z)NE   "-*, 
=`8o §`o'\E`h`8odsl  v)o`8`8rhj© =`8o

[ 3  Ås}r 
 ?B_-KMOMOMKPU®~`8Es}o`Uo'\E`¥`18os}rC\Zi1¥3v~
ilww]`8°o'r'v/`1h¯j`8rs£`Qm~1`8|~oU Ås}ri5bMv­o'\E` 
b}2~L`8°o'r'p©H`8o

§`Mv¥`8­§)p

?
 YN= H  
 Ås}r 
 ? 
7KMOMOMKPUA©¦[]\E`8¸o'\E`§Zi}h`¹sl ²¥`18os}rh Ås}r¤_Uk~wo'v_as3Vk~wSilr'voÆpv/ha~`Q³EE`1¿i}ho'\E`
îÀî Ù"K~óL&õL
bj  &	"	
	 	 	  # 
1s}ww/`18o'v/s}  ? ]   + ? H  = K   = ?  x KNMOMOM>K   3YN= ?  3 K   3 ?  3 `©A[]\°kEh¬`\Zi1¥`
  + ? / H _-K A K A K=<><>< A K A K A 4
 O= ? / _-K H _-K A K=<><>< A K A K A 4
 x ? / A K _-K H _-K=<><>< A K A K A 4
©©© ©©© ©©© ©©© ©©©
 3Y5x ? / A K A K A K=<><>< _-K H _-K A 4
 3YN=n? / A K A K A K=<><>< A K _-K H _ 4
  3 ? / A K A K A K=<><>< A K A K _ 4PM
¼Zs}ww/sj-v~?7²it'`8¡xEi ´k~E8o'v/s}n~`Q³EE`19s}  3 v/hjilww/`1 @ &'
(# 	 v   Ås}rilww ,[ 3
ilE  

x    [ ¸-vo'\ 
#H? 
5/Z, :    4 :5/Z,J:    4 85/Z,4:5/Z,K:    :    4PM B2 C
=`8o§`£i Ok~E8o'v/s} s}  3 ©·C`Q³EE`	
5/Z,4 ?5/Z, :   4 H +/Z,4$ ´s}r¹ilww , [  3 ©
z)vE1`o'\E`»k~~vo¤¥`18os}rh¤ Ås}r'_µi£§Zi}h'v/hasl  3 x`8¥`8r'p­¥`18os}r5v/hai£wvE`jilrM1s}_U§~vZilo'v/s}
sl ]o'\E`ak~~voU¥`18os}rhilE5jil5§`¤-r'vo'o`8®wv¡` ? 3
  =    ©M[]\E`8	Mv/h~`Q³EE`1­i}h	5/Z,4@? 3  =  	
5/Z,$4©¹[]\E`1h`M~`Q³E~vo'v/s}Eh$|~rsj¥3v/~`i»kEh`Q ´k~w±\Zilri}8o`8r'v¯ªilo'v/s}¦ Ås}r_k~wo'v_as)Vk~wSilr'voÁp©
±É 	 	  	  "!   @
	# $#&%   5    ' @ &'
(# 	  -	#   )
 
	'(	')*  A K
 -	 zK,+ [   2 SH?-+ 
 L Ok~o'k~r`¤Vv/h8kEhh'v/s}EhC`E`1`1¶_as}r`$o'\Zil_Uk~wo'v_as3Vk~wSilr'voÆp-vo'\¶r`1h'|`18o²osi§Zi}h` 
s}~wp©  o]v/hsl ´o`8¹E`1`1~`1¹o'\Zilo-o'\E`hil_a`C ´k~E8o'v/s}¹v/hilw/hs_k~wo'v_as)Vk~wSilrd-vo'\»r`1h'|`18o-os
o'\E`$§Zi}h` H  d©²¼~rs}_
o'\E`$wvE`jilr'voÆp¶sl ±o'\E`s}|`8rilos}r.	 ilEH`8_¤_Mi¹V©b$vo²v_¤_a`1VvSilo`8wp
 Ås}ww/sjho'\Zilo/v/hilw/hs_Uk~wo'v_as3Vk~wSilrd-vo'\»r`1h|`18o-os H  ©
 0{$. $21 ,D*43
¾`~`Q³EE` o'\E`±Es}o'v/s}$sl Zil$ilos}_ vs}r~`8rÀosh'o'kEVphs}_a`±|~rs}|`8r'o'v/`1hsl ~_Uk~wo'v_as3Vk~wSilr'voÆp©
 65 3 o'\E`»1s}°¥`Qm\°k~wwCsl EUI:w_9i2EaE`¹vE~`8|`8E~`8°on|s}v°oh¤v  3  ´s}r'_ahi  D  ©
[]\~v/hCh'v_¤|~w/`QmPx{~`Q³EE`1£s}S, + KMOMOMK , 3 v/hdjilww/`1¶il 	" " v  A Ås}rdhs}_a`|`8r'_Uk~oilo'v/s}87sl 
í æî í´ï
 
	! !	"#$%&'
(#"	) bj
/ A K$MOMOMKPU4,$= ? , + :    + K,;x ? ,= :     =  K©©© ©©© ©©©,"3 ? ,"3 YN= :    3YN=  K, + ? ,"3 :     3  M
[]\~v/h¬ilos}_ v/h±r`Q ´`8r'r`1osUi}h  /Z, + K 7>4AilEao'\E`|s}v)oh , + K$MOMOMK ,"3ailr`jilww/`1Mo'\E`    
 ' sl Uo'\~v/h¹ilos}_»© ±i}\ k~~von8k~§`£v/h|Zilr'o'vo'v/s}E`1 v)os U]ilos}_ah¹ilE ilww²ilos}_ah
os}`8o'\E`8r9o'vw/`85 3 © ¾`jil kEh`¶o'\~v/h¹os`Qm3o`8Eo'\E`£ Ok~E8o'v/s}    3  5 os¦o'\E`
 ´k~E8o'v/s}   5 3  5i}h ´s}ww/sªhj©    , [  3 o'\E`8£~`Q³EE`o'\E` ´k~E8o'v/s}£§°p 5/Z,$4 ? 5/Z,4©
[]\)kEh ­ilr`1`1h-vo'\ ®s}  3 ©   #,¸v/h$Es}oMil`Qm3o'r`8_a`n|s}v°oasl Cil¸ilos}_»x±o'\E`8 ,Âv/h
1s})oilvE`1vhs}_a`ailos}_  ©¤[]\E`¥ilwkE`asl  ¶s}h'kE\­in|s}v)o,'[5 3 v/hs}§~oilvE`1®i}h
o'\E`²1s}r'r`1h'|s}EVv~¤wvE`jilr-v°o`8r'|s}wSilo'v/s}9sl o'\E`d¥ilwkE`1h-sl  Ms}o'\E``QmVo'r`8_a`²|s}v)oh-sl   ©
[]\E` ´s}ww/sª-v~ao'\E`1s}r`8_h'\Esªh-o'\E`r`8wSilo'v/s}L§`8oÁ`1`89_k~wo'v_as)Vk~wSilr'voÁpLilE¹1s}°¥`QmVvoÆp©
 É)Í  É 	     	 !   "!      #    
! %  5(    >  
(# &	-  	#   )
  2 D 5      L 
; 
¾`¤~`Q³EE`1_Uk~wo'v_as3Vk~wSilr'voÆps}o'\E`¤h`8osl ]v°o`8`8rhj©¤ed`8_Milr'¡¶V©b¤sl -Çdwo'_MilHx <ilk}tilw
ilE 7Cs}rVv t%¡0/b1 |s}v°ohUs}k~oo'\Zilo Ås}rUil°p¶1s}°¥`Qm5h'k~§Eh`8oQ1-xP-\~v/\®v/hUink~~v/s}5sl ih`8o
sl -ilos}_ahjx_Uk~wo'v_as3Vk~wSilr'voÆpsl  LilE1s}°¥`QmVvoÆpsl  Lho'vww\Es}w/~h²-\E`8r`1ho'r'v/8o`1¶os 1]©
uLk~wo'v_as3Vk~wSilr'voÆpLs}£o'\~v/h²1s}°¥`Qm¶h'k~§Eh`8oC_a`jilEhdo'\Zilo
B2 C_UkEh'o²\Es}w/9 ´s}rilww;, [ 1¿ilE
 

x    [- -vo'\ 
 H? ZxAhkE\¦o'\ZiloQ,@:    x ,@:    ilE ,@:    :    [ 1]©9¾`-vww]h`1`
o'\ZiloUo'\~v/hv/h`1hh`8)o'vSilw  Ås}ro'\E`Mil|~|~wv/jilo'v/s}5v5o'\E`E`Qm3oUh`18o'v/s}EhjxH-\E`8r`¤¬`akEh`o'\E`Mh`8o1 ?6' 3 + x~-vo'\ ' + ? ' ]eA `0? ]eA KO_-K 
7K>MOMOMe`©¼~rs}_ o'\E`²|~r`8¥)v/s}kEhVv/h8kEhh'v/s}vo] Ås}ww/sjh-o'\Zilo-_k~wo'v_as)Vk~wSilr'voÁp¹\Zi}hiUr`8wSilo'v/s}9-vo'\
1s})¥`Qm3voÁp©  »o'\E`E`Qm3oCh`18o'v/s}£`$h'\Esj\Esj`$jilL`QmV|~w/s}vodo'\~v/hdr`8wSilo'v/s}£v£s}r~`8rCos
_¤v~v_¤v¯j`U1s}°¥`Qm¹ ´k~E8o'v/s}Ehs}¹o'\E`wSilo'o'v/1`©
 
  );  z);  
=`8o    3  5§`il£s}§Vt%`18o'v¥`U ´k~E8o'v/s}Lv¶i¤_Milo'\E`8_Milo'v/jilwA_as3~`8w=-\~v/\¶\Zi}hdosa§`
_¤v~v_¤v¯j`1P©  »`8E`8rilwo'\~v/hv/hCi¤\Zilr9|~rs}§~w/`8_oshs}w¥`©  Lo'\~v/hh`18o'v/s}L`$h'\Esj o'\Zilo
v  ]o'\E`$ ´k~E8o'v/s} Lv/h_k~wo'v_as)Vk~wSilrjxo'\E`8¬`ajilkEh`Mi b 	"   	"   ilws}r'vo'\~_»xÀ-\~v/\
1s})¥`8r'`1h-oso'\E`dw/s}§Zilwwps}|~o'v_MilwPhs}wk~o'v/s}H©   5ds)s}w/`ilE±il¹~`8rz)wk~v/h /bj21o'\E`Cw/s3jilw
h`jilr\®ilws}r'vo'\~_ \Zi}h§`1`8|~rsj¥`8® ´s}ro'\E`h`jilr\®h'|Zi}1`  3 ©[]\E` Ås}ww/sj-v~9o'\E`1s}r`8_
h\Esjh-o'\ZilovoCilw/hs\Es}w/~h- Ås}ril°p1s}°¥`Qm9h'k~§Eh`8ojxV-\~v/\9v/hdi$k~~v/s}9sl Aih`8osl Ailos}_ahª©
îÀî Ù"K~óL&õL
bJ   &	"	
	 	 	  # 
 É)Í  É 	        ?	 >  
(# &	"  5  0 1  	Z " ;  D D    =D %' 
	
     	  @   J ,[ 1 ' 	 = 	 > '>    5/Z,$4  5/ "4 " 	  SH? ,    
2	" , 	#   	 > "2%"   "'J --	"6	" " ' 1 
 ( H`8o,'[1¿§`ai³~m~`1¶|s}v°oj©dsª h'k~|~|sh`o'\Ziloo'\E`8r`¤v/hi 4 [5 3 h'kE\o'\Zilo, : 4 [I1ilE +/Z, : 4 4 ;/Z,4 ?-5/Z,4©¾`h'\Esªo'\Ziloo'\E`8r`v/hdilLilos}_  /Z,$K 7>4vI1
-vo'\£il»`Qm3o'r`8_a`|s}v°o h'kE\»o'\Zilo 5/ "4 +/Z,4©
z)vE1`ail°pRU5¥`18os}rhsl     Ås}r'_ in§Zi}h'v/hsl  5 3 x`¤jil-r'vo` 4¹i}h.4?  3  +     ©¼Ek~r'o'\E`8r'_as}r`xo'\~v/hCjil£§`~s}E`$h'kE\£o'\Zilo   8FAVxh'vE1`il°p      -vo'\   FAjilL§`r`8|~wSi}1`1»§°p H    3  +      ©dsª r`1s}r~`8rno'\E`9`8w/`8_a`8°ohsl    i}hZ/  B + KNMOMOM>K   B3 4ilEÂo'\E`L`8w/`8_a`8)oh /  + KNMOMOM$K  354i}h/  B+ KNMOMOM>K  B3 4h'kE\®o'\Zilo  B+ 8 <><>< 8  B3 8 ALilE 4 ?  3  +  B   B © Cs}o`ao'\Zilo$o'\~v/hEs}oilo'v/s}Mv/h `1º°k~v¥ilw/`8°o±os²o'\E`]Es}oilo'v/s}#4 ?  B B+   B + :  B B= /  B + :   B = 4 :9<><>< :  B B3 /  B + : <><><:   B3 4-vo'\¶ilww  B B 8 AMilE9-vo'\  B + : <><><:   B3 ? AV© Csj³~m9iEs}.y¯j`8rs|s}v°o 4 B ? 0 4a-vo'\0 B_ah'kE\o'\Zilo 0 /  B B+ : <><><:  B B3YN= 4  _©[]\E`ah`8o1 v/h1s}°¥`Qm-vo'\ ,Àx,V: 4 [1]x\E`8E1`4, : 4 B [ 1]©z)vE1`§°p»[]\E`1s}r`8_
V©W v/h1s})¥`QmLilE ;/Z, : 4 4  5/Z,$4xZvo- Ås}ww/sjh
o'\Zilo 5/Z, : 4 B 45/Z,4©
H`8o7 §`£o'\E`£|`8r'_k~oilo'v/s} vEVkE1`1 §)p /  B B+ KMOMOMK  B B3 4© dsª 1s}Ehv/~`8r¹o'\E`ilos}_ /Z,$K 7>4xEo'\E`8»§°p1s}Eh'o'r'kE8o'v/s}L, : 4 B [  /Z,>K 7>4©¬z)vE1` ,9v/hil»`QmVo'r`8_a`|s}v°oilE v/h
wvE`jilrjxEo'\E`8r`_UkEh'o§`ilEs}o'\E`8rC`Qm3o'r`8_a`|s}v°ojxZhi1p	 {x~hkE\»o'\Zilo +/ z4  5/Z,4©
[]\~v/hMo'\E`1s}r`8_ h\Esjhao'\Ziloos\E`1¡¸-\E`8o'\E`8rJ,½v/hiw/s}§Zilwwps}|~o'v_MilwChs}wk~o'v/s}Hx]voMv/h
hkEM8v/`8°oaos¶1s}Eh'v/~`8rilww-`QmVo'r`8_a`¹|s}v°ohasl ilww-ilos}_aha-vo'\,½i}hail¸`QmVo'r`8_a`|s}v)oj©
¾½\E`8»i|Zilr'o'v/8k~wSilrd`Qm3o'r`8_a`C|s}v°osl Àh'kE\»il¹ilos}_ \Zi}h-iw/sj¬`8r-¥}ilwkE`Co'\Zil@,x)o'\E`8¬`
r`8|`jiloo'\E`hil_a`Uilws}r'vo'\~_ -vo'\»o'\Zilo|s}v°oj©¬e`8|`jilo'v~Mo'\~v/h|~rs)1`1Vk~r`Uv/h-kZilril°o`1`1
osw/`ji}»os¤o'\E`²w/s}§Zilwwp¹s}|~o'v_MilwÀhs}wk~o'v/s}H©
A¥`8r'p_Uk~wo'v_as3Vk~wSilr± ´k~E8o'v/s}av/h±ilw/hsv°o`8`8r1s})¥`Qm%B´h`1`-[]\E`1s}r`8_ V©Wv /b1CQ© tdE`
1s}k~w/s}E~`8rUv  ]w/s3jilw±h`jilr\¦ilw/hss}r'¡Vh-vo'\5v°o`8`8r1s})¥`Qm3voÁpvEh'o`ji}5sl ]_Uk~wo'v_as;.
Vk~wSilr'voÁpx-\~v/\v/hiho'rs}~`8r|~rs}|`8r'oÆp©[]\E`E`Qm3o1s}k~°o`8r.Æ`QmEil_¤|~w/`-vW/ ]eA KO_-K 
7`S4 x h'\Esjh
o'\Ziloo'\~v/hv/hÀEs}oo'r'kE`-ilEo'\Zilo_Uk~wo'v_as3Vk~wSilr'voÆpv/hvE~`1`1o'\E`|~rs}|`8r'oÆpUE`1`1~`1 Ås}rÀkEhv~
w/s3jilwHh`jilr\H©±·²`Q³EE`o'\E`C ´k~E8o'v/s}nh'kE\»o'\Zilo
5/ A K 
%4(? H _-K 5/ _-K 
%4(?
7K 5/
7K 
%4 ?
7K
5/ A KO_S4(? 
7K 5/ _-KO_S4(? _-K 5/
7KO_S4 ?FA K
5/ A KA74(? 
7K 5/ _-KA74(? K 5/
7KA74 ? M
tdE`¹jil¿`ji}h'vwp­\E`1¡¦o'\Zilo­v/hMilv°o`8`8rn1s}°¥`Qm¦ Ok~E8o'v/s}Hx§~k~oaEs}oa_k~wo'v_as)Vk~wSilr
hvE1`   / _-K 
%4 :   +  :   / _-K 
%4
: x  ? A L?   / _-K 
%4  :   / _-K 
%4
:  + :  xy4©Az)oilr'o'v~
í æî í´ï
 
	! !	"#$%&'
(#"	) bj
o'\E`w/s)jilw=h`jilr\Lilws}r'vo'\~_ ilo1s)s}rVvZilo`/
7KO_S4¬h'\Esªho'\Zilodilww=E`8v\°§s}rh\Zij¥`¥ilwkE`1hjx
-\~v/\Lilr`r`jilo`8ro'\Zil AV© 7dsª`8¥`8rjxZo'\E`w/s}§ZilwH_¤v~v_Uk~_v/h/ / A K 
%4 0? H _©
z)vE1`£ilwwdo'\E`9`QmVo'r`8_a`9|s}v°ohnsl ilwwCilos}_ah-vo'\ , i}hil¿`QmVo'r`8_a`9|s}v°ojilÂ§`
-r'vo'o`8¦i}h4,*:  3  + 0     -vo'\ 0  [F]eA KO_-`x    [  x=o'\E`aE`8v\°§s}r'\Es3s)­sl i¹|s}v°o4,1s}Ehv/h'ohdsl  
 3-G>= H 
|s}v°oh>BO`$h'k~§~o'ri}8o²M§`1jilkEh`-\E`8 0  ? As}r-\E`8 0  ?B_U Ås}rilww 
x~o'\E`8»o'\E`|s}v°oh1s}vE8v/~` CQ©
Çwo'\Es}k~\½o'\E`L1s}_¤|~w/`QmVvoÆp¿sl o'\E`»w/s3jilwCh`jilr\ ilws}r'vo'\~_ v/h§~v5 Ås}rMwSilr'` UAx¬o'\E`
ilws}r'vo'\~_ v/h$s}r'o'\)-\~vw/`»h'o'kEVp3v~E©¶¼Àvrho$sl CilwwyxA1s}_¤|Zilr'v~osL_¤v~v_¤v¯1v~5iL1s}°¥`Qm
 ´k~E8o'v/s}s}¦o'\E`MwSilo'o'v/1`x±o'\~v/hilws}r'vo'\~_ v¥`1hai9r`ji}hs}Zil§~w/`v_¤|~rsª¥`8_a`8°oj©­z3`11s}EVwpx
o'\E`ilws}r'vo'\~_ jil9h`8r'¥`Ui}hdi$§Zi}h'v/h] Ås}r-\E`8k~r'v/h'o'v/_a`8o'\Es3~hj©
 ¶o'\E`¤E`QmVoh`18o'v/s}`Mh'\Esj o'\Ziloo'\E`¤1sho² Ok~E8o'v/s}vo'\E`¤_as3~`8wA-vo'\s}~wp£oÆs
h`8r'¥`8rh-v/h-_Uk~wo'v_as3Vk~wSilrj©
	 
(*-,f! );R$&*,. *- {z>z 
 9o'\E`$|~r`8¥3v/s}kEh²h`18o'v/s}¶`h'\Esj¬`1£o'\ZiloCo'\E`$s}|~o'v_Milw|s}wv/8p» ´s}rilwwAh'oilo'v/s}Zilr'pLilr'r'v¥ilw
|~rs31`1hh`1hnv/hn|`8r'v/s)Vv/©   o'\~v/h¹ji}h`Lo'\E`¶Es}oilo'v/s}sl Uo'\E`¶Vv/h'oilE1`h`1º)kE`8E1`£jil §`
§`8E`Q³Z8vSilwwpÂkEh`1¿os¦il|~|~rsi}\ o'\E`L~`18v/h'v/s} |~rs}§~w/`8_»© Ç ´o`8ro'\E`L³Erh'o¹i}hh'v_a`8)o¹os
h`8r'¥`8r<Txo'\E`Vv/h'oilE1`¤h`1º)kE`8E1`  I  Ås}rh`8r'¥`8r0T v/h²|`8r'v/s3Vv/xh&i1p9-vo'\¶|`8r'v/s) "/DT 4©
z)vE1`»o'\E`¹h`8r'¥`8rhilr`v/Vw/`¹v~vo'vSilwwpx¬o'\E`³ErhoMi}hh'v~_a`8°o~s)`1h¤Es}oMw/`ji}osi£w/shhasl 
i|Zi}¡`8oj©½[]\E`8r`Q ´s}r`9v Ok~o'k~r`9Vv/h8kEhh'v/s}EhM`¹-vwwd-r'vo` u ? /Du=bKNMOMOMKPuz354 Ås}r¤o'\E`
|`8r'v/s3Vv/i}hh'v~_a`8)oh`1º°kE`8E1`-vo'\£|`8r'v/s3U®ilE9-vo'\iMhwv\°oil§~kEh`sl  Es}oilo'v/s}¶¬`
~`8Es}o`o'\E`|`8r'v/s3Vv/Vv/h'oilE1`h`1º°kE`8E1`² Ås}rh`8r'¥`8r
T §)p  I ? / I = KNMOMOM$K I
 
 I  4©[]\E`A|`8r'v/s3Vv/8voÆp²r`1VkE1`1hÀo'\E` 1sh'o ´k~E8o'v/s}vU1s}_¤|~w/`QmVvoÆp© z)vE1` ¬`AkEh`o'\E` `QmV|`18o`1
ij¥`8ril`n°k~_U§`8r¤sl w/sh'oU|Zi}¡`8ohai}hUo'\E`1sh'o Ok~E8o'v/s}Hx¬`s}~wp\Zij¥`osL1s}Eh'v/~`8r$o'\E`
1shoh-vE8k~r'r`1»Vk~r'v~s}E`²|`8r'v/s3P© []\E`1sh'o] ´k~E8o'v/s}¹ Ås}rh`8r'¥`8r
T v/h-v¥`8»§)p
9I:/Du4 ? _U
 
 I 
  = 39IL/ I 4PM BÅ C
[]\E`U`Qm3|`18o`1»i1¥`8ril`U°k~_U§`8rdsl w/sh'o-|Zi}¡`8ohv¹o'\E`os}oilwÀh'p3ho`8_ v/h-o'\E`8»v¥`8»§)p
5/Du4 ?
)
I  = 9I:/Du4 ? _U )I  =  
 I 
  = 39I / I 4PM B   C
Cs}o`¤o'\ZiloU`1º)kZilo'v/s} B%b Cs}rU`1º°k~v¥ilw/`8°o'wp BÅ Cilr``Qm~i}8o'wp£v¥`85§)p`1º°kZilo'v/s} B   CQ©  ov/h
o`8_¤|~o'v~nosM ´s}r'_k~wSilo`Uo'\Zilo 9I:/Du4¬v/hd_Uk~wo'v_as3Vk~wSilr²vu5 ´s}r²ilww>T© Cs}o`o'\ZiloCo'\~v/hdv/h
Es}o¬E`11`1hhilr'vwpMo'r'kE`x3hvE1`Cils}|`8rilo'v/s}[ il|~|~wv/`1nos uLw/`ji}~h¬osUVv ¨P`8r`8°o\Zil~`1h
îÀî Ù"K~óL&õL
b    &	"	
	 	 	  # 
v¤o'\E`Vv/h'oilE1`-h`1º)kE`8E1`1h ´s}r Vv ¨P`8r`8°o¬h`8r'¥`8rhj©  $o'\E`ji}h`]-\E`8r`-`\Zi1¥`-oÁsUh`8r'¥`8rhjx
¬`jila|~rsª¥`_Uk~wo'v_as3Vk~wSilr'voÆpM\Esj`8¥`8rjxVh'vE1`ils}|`8rilo'v/s}il|~|~wv/`1¤oso'\E`]³Erh'o h`8r'¥`8rjx
w/`ji}~hosMil»s}|~|shvo`s}|`8rilo'v/s}£il|~|~wv/`1»oso'\E`h`11s}E9h`8r'¥`8rj©
 ¶o'\E`¤E`QmVoVv/h8kEhh'v/s}¬`ai}hh'k~_a`o'\Zilo¬`\Zi1¥`¤oÁsLh`8r'¥`8rhUilE¶o'\ZiloLu­v/hUin|`.
r'v/s3Vv/¤h`1º)kE`8E1`¤-vo'\|`8r'v/s)^UA©¾`a-vww h'\Esj o'\Zilo B   C v/h_Uk~wo'v_as3Vk~wSilrUv uA©¤Ç ´o`8r
`1hoil§~wv/h'\~v~²_Uk~wo'v_as3Vk~wSilr'voÆpasl Zo'\E`-1sh'oÀ ´k~E8o'v/s} ´s}roÆ¬sh`8r'¥`8rhjx}¬`¬jil¤kEh`±o'\E`]w/s3jilw
h`jilr\9ilws}r'vo'\~_ os$³EE¹s}|~o'v_Milw=|s}wv/8v/`1h] Ås}r-Vv ¨`8r`8)oh`8r'¥`8r-rilo`1hj©  ¹s}r~`8ros$|~rsj¥`
o'\E`²_k~wo'v_as)Vk~wSilr'voÁp»`~sEs}okEh`
BÅ CQx~§~k~o-vEho`ji}¹`kEh`  BI /Du4~`Q³EE`1¹§)p
 BI /Du4 ? _U    =   = 39IL/ = 4PM By"C
[]\~v/h ´k~E8o'v/s}£s}~wp»w/s3s}¡VhCilodo'\E`Vv/h'oilE1`$h`1º)kE`8E1`$i}hh'vE`19osMo'\E`³Erhodº)kE`8kE`© Cs}o`
o'\Zilo.5/Du4jil5Esj§``Qm3|~r`1hh`15i}h.5/Du40?  B = /Du4 :  Bx /  H u4©¾`¤³Erh'oU|~rsj¥`o'\Zilo
 BI /Du4v/h-_Uk~wo'v_as3Vk~wSilrvZuA©
±É 	 	     u  @	 = #  D (#D   )  2-  # U      BI /Du4  -#   # 	; 
  %    BI /Du4 ' 	?>& #	  5  % u 
 ( z)vE1`<u»v/h-i|`8r'v/s)Vv/Ch`1º)kE`8E1`x3o'\E`dVv/h'oilE1`Ch`1º)kE`8E1` 0? = v/h¬ilw/hsi|`8r'v/s3Vv/
 ´k~E8o'v/s}HxAhijp-vo'\®|`8r'v/s) A ? z/ _S4© CsjxA~`Q³EE`o'\E`¤ ´k~E8o'v/s}'V   ´s}r  ? _-KMOMOM>K A
§)p V  /Du4?939I /  4©C[]\E`U Ok~E8o'v/s} V  r`8|~r`1h`8)ohCo'\E`1sh'o²sl  o'\E`{/	4: _S4}i}hh'v~_a`8°o
§)pw/s)s}¡3v~iloMo'\E` $}2~v°o`8rilr'r'v¥ilw²o'v_a`©¾`L-vww³ErhoM|~rsj¥`£o'\Zilono'\~v/ha ´k~E8o'v/s}½v/h
_k~wo'v_as)Vk~wSilr ´s}r'? ]  b=bKNMOMOM>K  P3 YN=O`©
H`8o.Zx + [ -vo'\ H? +U©   ¬Es}E`asl ¬o'\E`1h`a`8w/`8_a`8°oh$\Zil~`1hUo'\E`¤w/`8~o'\5sl ]o'\E`
 }2~ v)o`8rilr'r'v¥}ilwÀo'v_a`²o'\E`8V  /Du4?FV  /DuJ:z4 ?FV  /DuK: +04 ? V  /DuK:  :+@4©z)k~|~|sh`
o'\Zilo]s}~wpMs}E`Csl Ho'\E`d`8w/`8_a`8)oh-\Zil~`1h]o'\E`dw/`8~o'\nsl Ào'\E`v)o`8rilr'r'v¥}ilwo'v_a`xVhi1p Zx)o'\E`8
V  /DuK:4 ? V  /DuK:  :+@4ilEZV  /Du4?FV  /Du : +@4©  n§s}o'\»ji}h`1h]o'\E`C ´k~E8o'v/s}V  /Du4
h&ilo'v/h%³Z`1h-o'\E`1s}EVvo'v/s}Eh ´s}r-_k~wo'v_as)Vk~wSilr'voÁp©
dsª hk~|~|sh`Co'\Zilo Mi}~~hilE +~`18r`ji}h`1h]o'\E`²w/`8~o'\»sl =o'\E` }~Uv)o`8rilr'r'v¥}ilw=o'v_a`
§)pns}E`©±[]\E`8 V  /DuJ: 4  V  /Du4 ? V  /DuJ: 2: +04  V  /DuV: +04©z)vE1`:V  v/hdi1s}°¥`Qm
~`18r`ji}hv~a ´k~E8o'v/s}Hx~vo- Ås}ww/sjho'\Zilo<V  /Du :+04 H V  /DuV:2:6+04 8 V  /Du4 H V  /DuV:z4©
Csj o'\E`¤_Uk~wo'v_as3Vk~wSilr'voÆp51s}EVvo'v/s}®v5`1º)kZilo'v/s}3B2 C²Vvr`18o'wp£ ´s}ww/sªh§)p£r`jilr'ril~v~
o'\E`o`8r'_ahj©z)vE1`  BI /Du4¬v/h²iMhk~_ sl V  /Du4-vo Ås}ww/sjhCo'\Zilo  BI /Du4-v/h_k~wo'v_as)Vk~wSilr² Ås}r
C©
dsª 1s}Eh'v/~`8rdo'\E``8w/`8_a`8°oh   + ilE  3¹ilE»Es}o`o'\Zilodo'\E`il|~|~wv/jilo'v/s}¶sl    + ilE P3
os u½h'|~wvohail®v)o`8rilr'r'v¥}ilw-|`8r'v/s3­ilE­_a`8r'`1hoÆ¬s¶v°o`8rilr'r'v¥ilw-|`8r'v/s3~h$r`1h'|`18o'v¥`8wp©
í æî í´ï
 
	! !	"#$%&'
(#"	) bª
[]\E`8r`Q Ås}r`
U  BI /DuJ:   + 4? U  BI /Du4 H 3 I / = 4 H 3 I /  4C: 3 I / = :   4PK
U  BI /Du :  3z4? U  BI /Du4 H 39IL/   4 :39IL/   H _S4 :39IL/ _S4PK
U BI /Du :   + :  3z4? U BI /Du4 H 39IL/y=O4 H 39IL/   4C: 39IL/y= : _S4 : 39IL/   H _S4PM
Csj U   BI /Du :  + 4: BI /Du : 34 H  BI /Du4 H  BI /Du :   + : 3z4
?  39IL/y=:    4!: 39IL/ _S4 H 39IL/y=#:w_S4 : 39I /   4}© H`8o  ? y= :   :|_© z)vE1`9o'\E`» Ok~E8o'v/s}639IL/Z,4 : 39IL/ "4
-vo'\S,K:  {? ¹v/hCih'p3_¤_a`8o'r'v/$ilEL1s}°¥`Qm9 ´k~E8o'v/s}Hx{vo Ås}ww/sjhd ´rs}_qArs}|sh'vo'v/s} ]
sl  \Zil|~o`8r$sl ]u£ilrh'\Zilww¬ilE tdw¡)v /bj21ÆxHo'\ZiloQ39IL/Z,4 : 39IL/ "4v/hilw/hs9z3\°k~r.Æ1s}°¥`QmP©
z)vE1` / = : _-K  4F/ = :   KO_S4x~o'\E`º)kZil°o'voÆp9il§sj¥`v/h-Es}.yE`8°ilo'v¥`©
 Lo'\E`Uji}h`Uo'\Zilod¬`UkEh` + ?   + ilE  [  h'kE\Lo'\Zilo ~s)`1hEs}o²ilwo`8r y=jxZo'\E`8£vo
 Ås}ww/sjhdo'\Zilo  BI /DuV: : +@4 ?  BI /Du : 4 :  BI /Du*: +04 H  BI /Du4©[]\E`$hil_a`U\Es}w/~h Ås}r
+ ?  3UilE' [ ®h'kE\o'\Zilo ~s3`1hÀEs}o ilwo`8r    ©Az)k~|~|sh`±o'\Zilo ~s3`1hAilwo`8r y=ªx}o'\E`8¬`
\Zij¥` U   BI /Du :   + 4 : BI /Du : 4 H  BI /Du4 H  BI /Du :   + : 4  ?  39I /y=:    4 :V39I /y= H _S4  H 39IL/y= :    H _S4 :39IL/y=b4  ©¬¾¿\E`8 ¹ilwo`8rh    ¬`U\Zij¥`LU   BI /DuV:  3"4 :  BI /Du*:4 H
 BI /Du4 H  BI /Du :  3 : 4 ?  39IL/   : _S4;:639IL/4 H  39IL/   4;:639IL/: _S4 ´s}r$hs}_a`
  ~© dsª §°p¶il|~|~wp)v~»o'\E`hil_a`ailr'k~_a`8)oi}hv¶o'\E`¤ji}h`¤sl    + ilE   3 ¬`¤~`8r'v¥`
_k~wo'v_as)Vk~wSilr'voÁp9sl   BI /Du4  ´s}r-o'\E`²§Zi}h`. ©
CsjÂ`--vww{|~rsj¥`-o'\Zilo 5/Du4x°-\~v/\Mv/hAv¥`8M§°p 5/Du4?  B = /Du4 :  Bx /   H u4=v/hA_k~wo'v_as) .
k~wSilrj©¬[]\E`|~rs3sl Av/h-§Zi}h`1»s}Lo'\E`² Åi}8oo'\Zilov  ±i$ Ok~E8o'v/s}9v/h_Uk~wo'v_as3Vk~wSilrC-vo'\9r`1h'|`18o
osai¤§Zi}h`  xVo'\E`89vo-v/hilw/hs_Uk~wo'v_as3Vk~wSilrC-vo'\»r`1h'|`18o-os H  d© É)Í  É 	      B = 	#  Bx   >& #	 5(     2 D 5   5/Du4
"; ) 5/Du4 ? M =2 B = /Du4>: M x Bx /  H u4   ; D; "   	 M = 	# M x   >&'
(#"	
 u 
 ( H`8o {x + [  xVh'kE\»o'\Zilo SH?-+U© []\E`8
5/Du : z4C:5/Du : +@4
? M =2 B = /DuV:4: M x Bx /   H u H 4 : M =2 B = /DuV:+@4 : M x Bx /   H u H +04
? M =  B = /DuV: 4 : B = /DuV:+@4%: M x  Bx /   H u H 4:Bx /   H u H +048 M =   B = /Du4 :  B = /DuV:  :+@4%: M x   Bx /  H u4 : Bx /  H u H  H +04
? M =2 B = /Du4 : M x Bx /   H u4 : M =  B = /Du :2:+@4 : M x Bx /   H u H  H +04
? +/Du4 :5/Du*:  :+@4PM
[]\E`$vE`1º)kZilwvoÆp£vo'\E` ´s}k~r'o'\wvE`$\Es}w/~hjxPh'vE1`  B = v/h²_Uk~wo'v_as3Vk~wSilr-vo'\r`1h'|`18oCos 
ilE Bx v/h-_k~wo'v_as)Vk~wSilrC-vo'\»r`1h'|`18o-os H  d©
îÀî Ù"K~óL&õL
b(4  &	"	
	 	 	  # 
   { I¬	¹ ,ÀA!{!ZA!
 5o'\E`M|~r`8¥)v/s}kEhh`18o'v/s}Eh`n~`8r'v¥`1¦il­`QmV|~r`1hh'v/s}5 ´s}ro'\E`h'o'r'kE8o'k~r`nsl o'\E`ns}|~o'v_Milw
|s}wv/8px~|~rsª¥)v/~`1Lo'\Ziloo'\E`Uilr'r'v¥ilw=|~rs31`1hh-\Zi}hdh'oilo'v/s}Zilr'p¹v°o`8rilr'r'v¥ilw=o'v_a`1hj©7Csj`8¥`8rjx
¬`U¬`8r`$Es}oil§~w/`osn`Qm3|~wv/8vo'wp9 ´s}r'_k~wSilo`il¶`QmV|~r`1hh'v/s}L ´s}rCo'\E`U|`8r'v/s3Lsl  o'\~v/hC|s}wv/8p©
 ¤o'\~v/h h`18o'v/s}M`i}hhk~_a`-o'\Zilo o'\E`h`8r'¥3v/1`]o'v_a`1hilr`-`QmV|s}E`8°o'v/s}ZilwwpaVv/h'o'r'v§~k~o`1M-vo'\
h`8r'¥)v/1`-rilo`  I½ilE¤¬`w/s3s}¡ailo±hs}_a`h|`18vSilwZji}h`1h±sl Hh'oilo'v/s}Zilr'pailr'r'v¥}ilw{|~rs)1`1hh`1hj©À¾`
~`8r'v¥`il¶`Qm3|~wv/8vo²`Qm3|~r`1hh'v/s}» Ås}rdo'\E`1sh'od Ok~E8o'v/s}Hx-\~v/\£-vww`8Zil§~w/`kEhdosM1s}_¤|~k~o`
o'\E`s}|~o'v_MilwÀ|s}wv/8p¹ilZilwp3o'v/jilwwpn-\E`8£ilwwH|Zilril_a`8o`8rhdilr`h|`18v ³Z`1P©
(  $, y>.    
¬s}Ehv/~`8rMi¶qÀs}v/hhs}¸|~rs)1`1hh-vo'\¸rilo`  ©¦[]\E`|~rs31`1hh¤sl ²v°o`8rilr'r'v¥ilwo'v_a`1hasl ²o'\~v/h
qs}v/hhs}$|~rs31`1hh=v/hÀvE~`8|`8E~`8°oAv/~`8°o'v/jilwwp$Vv/h'o'r'v§~k~o`1$-vo'\|~rs}§Zil§~vwvoÁp~`8Eh'voÁpQ3 /ZR4?
 $
	 / H  R4© []\E`8r`Q Ås}r`vo] Ås}ww/sjho'\Zilo!BÅ C¬v/h-v¥`8»§)p39IL/DU4?   $
	 H  I 3  = C

?
	   $
	 / H  IEC9= 4 3 M
Cs}o`¤o'\Ziloo'\E`a Åi}8oUo'\Ziloo'\E`a|~rs31`1hhsl -v°o`8rilr'r'v¥ilw±o'v_a`1hv/hvy© vy©þP©Àh'v_¤|~wv ³Z`1ho'\E`1sh'o
 ´k~E8o'v/s}H©Xdh'v~o'\E`A|~rs}§Zil§~vwvoÆpU~`8EhvoÆpsl ~o'\E`Av°o`8rilr'r'v¥ilw)o'v_a`1hªxªo'\E`º°kZil)o'voÆp§`8oÆ`1`8
o'\E`²§~ri}¡`8ohv9o'\E`²r'v\°o.y\ZilE£h'v/~`²v/h-v¥`8»§)p
  $ 	 / H  IvC9=J4? +  $
	 / H  I#R4  $
	 / H  R4°
R ?  :  I M
Csj vo] ´s}ww/sªho'\Ziloo'\E`1sh'o Ok~E8o'v/s}»v/hv¥`8»§°p
5/Du4 ? _U
)
I  =  
 I 
  = /  :  I 2 M
«¬p­\Es3sh'v~o'\E`¹qÀs}v/hhs}¸|~rs31`1hhai}ho'\E`»ilr'r'v¥}ilw|~rs)1`1hh$ Ås}r¤s}k~r¤_as)~`8wyxvo§`11s}_a`1h
r`8wSilo'v¥`8wpahv_¤|~w/`-osjilw/8k~wSilo`do'\E`s}|~o'v_MilwZ|s}wv/8v/`1hilZilwp3o'v/jilwwp©A¼Es}r`QmEil_¤|~w/`-sh'k~|~|sh`
o'\Zilo`d\Zi1¥`²iqs}v/hhs}n|~rs)1`1hh±-vo'\rilo`  ? _CilEnh'k~|~|sh`-o'\Ziloo'\E`rilo`sl Po'\E`³Erh'o
h`8r'¥`8rAv/h  = ? _©¾`-jilMh'o'kEVp$o'\E`-§`8\Zi1¥3v/s}r±sl o'\E`|`8r'v/s3¤sl o'\E`-s}|~o'v_Milw{|s}wv/8p¤i}hA¬`
vE8r`ji}h`do'\E`Crilo`²sl Ào'\E`²h`11s}Eh`8r'¥`8r  x 8  =-i}h¬ ´s}ww/sªhj©±z)vE1`²o'\E`²s}|~o'v_Milw|s}wv/8pv/h
sl o'\E`C Ås}r'_ / _-K 
7K$MOMOMK 
%4¬`jil9|Zilril_a`8o`8r'v¯j`o'\E`1sh'o] ´k~E8o'v/s}»§)pno'\E`²|`8r'v/s3 UilE
o'\E`h`8r'¥`8rh'|`1`1  xCv¥`8»§°p
5/DU K  xy4 ? _U _
 3 : _U __ :  x x : U H 
U  __ :  x M
í æî í´ï
 
	! !	"#$%&'
(#"	) bj
«¬phs}w¥3v~Uo'\E``1º)kZilo'v/s}Eh +/DU K  x 4 ? 5/DU :^_-K  x 4= Ås}r(U 8 
`jil1s}_¤|~k~o`o'\E`h`8r'¥`8r
rilo`1h  x--\E`8r`do'\E`Cs}|~o'v_Milw{|s}wv/8pM\Zil~`1hª©A¼Es}r¬`QmEil_¤|~w/`-so'\E`Cs}|~o'v_Milw{|s}wv/8pM\Zil~`1h
 ´rs}_ / _-K 
%4Hos / _-K 
7K 
%4=-\E`8  x 8 _ :  
V©[]\E`r`1hk~wohAsl Zo'\E`]1s}_¤|~k~oilo'v/s}Milr`¬~`8|~v/8o`1
v»¼vk~r`UV©
0 50 100 150 200 250 300 350
2
3
4
5
6
7
8
9
10
µ
2
pe
rio
d
¼vk~r`U sAe`8wSilo'v/s}Eh'\~v|9§`8oÁ`1`8UilE  x
(  )+   (&  )+*-  $,7 9$.     
[]\E`-u£u£q q /W21Ev/hA1s}Eh'o'r'kE8o`1¤§)p¥ilr'p3v~o'\E`ilr'r'v¥}ilw~rilo`-sl Pi²qÀs}v/hhs}¤|~rs)1`1hhi}11s}r .
v~¹os»ilk~E~`8r'wp3v~»1s}°o'v)kEs}kEhUo'v_a`¤u¶ilr'¡sj¥¶|~rs31`1hhjx-\~v/\v/h²vE~`8|`8E~`8)osl ¬o'\E`
ilr'r'v¥ilwH|~rs31`1hhj©[]\E`8r`Q ´s}r`Uw/`8oL]  3 hU 8 A `§`Uia1s}°o'v°kEs}kEhCo'v_a`vr'r`1VkE8v§~w/`$u¶ilr'¡sj¥
|~rs31`1hh-vo'\T h'oilo`1hj©¾½\E`8no'\E`du¶ilr'¡sj¥a|~rs31`1hh¬v/hvnh'oilo` 
x~ilr'r'v¥ilw/h¬s318k~r-i}11s}r .
v~$os¤iUqs}v/hhs}|~rs31`1hh¬-vo'\rilo` 

© H`8o A   ~`8Es}o`Co'\E`Co'rilEh'vo'v/s}|~rs}§Zil§~vwvoÆpnoss
 ´rs}_Äh'oilo`
 osah'oilo` Z©±[]\E`8»o'\E`vV³E~vo`1h'v_MilwÀ`8E`8rilos}r v/h-v¥`89§°p
 ?

	
H A = A =fx <><>< A = IA x= H A x <><>< A xhI©©© ©©© © © © ©©©A I
= A Ix <><>< H A I


 K-vo'\ A  ? I  =   A

 M
îÀî Ù"K~óL&õL
    &	"	
	 	 	  # 
=`8o  ? VvSil"/  = KNMOMOM$K  I 4§`o'\E`U_Milo'r'v m»-vo'\Lo'\E`$ilr'r'v¥}ilwÀrilo`1hds}Lo'\E`UVvSils}ZilwAilE
 ? /  =bKNMOMOMK  I@4o'\E`n¥`18os}r¤sl Cilr'r'v¥ilwrilo`1hj©¶¾½vo'\­o'\~v/hEs}oilo'v/s}HxA`jil¦kEh`o'\E`
_Milo'r'v m9ilZilwp3o'v/Uil|~|~rsi}\Los¤~`8r'v¥`i Ås}r'_Uk~wSi$ Ås}r-BÅ CQ©
·C`Q³EE`Co'\E`²_Milo'r'v m /ZR4Av/hi}h Ås}ww/sjhj© []\E`²`8w/`8_a`8)oh   /ZR4ilr`Cv¥`8§°pno'\E`²1s}EVv&.
o'v/s}Zilw|~rs}§Zil§~vwvo'v/`1h 5 /  3-G>=? KPCJ3-G>=  R  3{? 
 4 ´s}rEU 8 _©  o Ås}ww/sjhCo'\Zilo / 4
v¥`89§°pR/  H :4 YN=  ¿v/hih'os3\Zi}h'o'v/_Milo'r'v mP©
 É)Í  É 	 	
   P " 	6'  
! %     5  ]/  35KPCJ3"4hU 8 A ` ' 	%$8	; 
   	   5 7 2 	  D
 = 	= ) 
	"D   /ZR4 ;9)
 /ZR4?  U+  	 Y  #  '?  H  	 Y  U  /  H :4 YN=  vM
[]\E`u£u£q q¸v/h] ´k~wwpM|Zilril_a`8o`8r'v¯j`1L§°ph'|`18v  Op3v~¤o'\E`²v~vo'vSilwH|~rs}§Zil§~vwvoÁp¹¥`18os}r 3xVo'\E`
vV³E~vo`1hv_MilwE`8E`8rilos}r  sl o'\E`u¶ilr'¡sj¥$|~rs)1`1hh ilEao'\E`]¥`18os}r  sl Hilr'r'v¥}ilw~rilo`1hª© =`8o
o'\E`Ursj¥`18os}r (§`o'\E`$h'o`ji}Vp»h'oilo`U¥`18os}rCsl  o'\E`u£ilr'¡sª¥»|~rs)1`1hhj©-[]\E`8($hilo'v/h'³Z`1h
o'\E``1º)kZilo'v/s}Eh (  ?FAailE)( E? _x~-\E`8r` E? / _-KMOMOM>KO_S4© ·²`Q³EE`o'\E`rsª¥`18os}r §°p
<? _(  <%( vM
[]\E`85§°p¶¼Àv/h\E`8rilEu£`8v/`8r. 7d`8ww/h'o`8r'3/Ý 1±`¤¡3Esj o'\Zilo v/ho'\E`ah'oilo'v/s}Zilr'p¶¥`18os}rUsl 
 / 4AilEn_Mil¡`1h]o'\E`CuLu£q q¦v)o`8rilr'r'v¥}ilwP|~rs31`1hh¬h'oilo'v/s}Zilr'p©A¾`²jilo'\E`8kEh`>BÅ C±os
`QmV|~r`1hh¬o'\E`²1sh'o Ok~E8o'v/s} Ås}ro'\E`²u£uLq±qÀ©V«¬pM[]\E`1s}r`8_ V©W`C¡3Esj o'\Zilo]o'\E`²s}|~o'v_Milw
|s}wv/8p¶v/h|`8r'v/s)Vv/©n[]\E`8r`Q Ås}r`ao'\E`a1sh'ov/h1s}_¤|~w/`8o`8wp5\Zilri}8o`8r'v¯j`15§)p`1º°kZilo'v/s}Eh BÅ C
ilE B   CQ©   =`i}hh'k~_a`Co'\Zilo¬o'\E`Ck~E~`8r'wp3v~au£ilr'¡sª¥\Zilv9sl =o'\E`²uLu£q q¦v/h-`8r's3Vv/xVvo
1s})¥`8r'`1hoso'\E`h'oilo'v/s}Zilr'pr`8v_a`i}h R   xEilEo'\E`89o'\E`i1¥`8ril`1sh'o-v/h]o'\E`Uhil_a`
 Ås}ril°pv~vo'vSilw=Vv/ho'r'v§~k~o'v/s}H©
 ½s}r~`8ros5³EE½il `QmV|~wv/8von`QmV|~r`1hh'v/s}Â ´s}rno'\E`91sh'o ´k~E8o'v/s}Hx-`¶1s}_¤|~k~o`Lo'\E`
Àil|~wSi}1`.Õz)o'v/`8wo´t%`1hAo'rilEh' ´s}r'_X3 
 /  4sl Eo'\E`_Milo'r'v ma©Az)vE1`¿v/hi_Milo'r'v mx}¬`kEh` _Milo'r'v m
s}|`8rilo'v/s}EhvLs}r~`8rosa~`8r'v¥`Q3 
9/  4x~-\~v/\9-vwwÀilw/hs¤§`i¤_Milo'r'v m©[]\E`v°o`8r'|~r`8oilo'v/s}
sl o'\E``8w/`8_a`8)oh43 
  /  4-ilr`$v¥`8¶§°p    Y "!#%$    &   3 ? 
  Ås}r<U8w_x-\E`8r`! v/h]o'\E`²vEVv/jilos}r- ´k~E8o'v/s}H©H`8o  ~`8Es}o`²o'\E`²v/~`8°o'voÆp_Milo'r'v mPx~o'\E`8 3 
y/  4 v/h]v¥`8¹§°p3 
 /  4 ?  +  Y(' U  /Å R4 ? +  Y(' U  	 Y  U /  H  4/  H :4 YN=  n R
?  +  Y  )' Y  G*  U  R+ '? /   H  :, 
4 YN=  vM
í æî í´ï
 
	! !	"#$%&'
(#"	) Vb
 ¹s}r~`8ros$³EE»il»`QmV|~wv/8vo`Qm3|~r`1hh'v/s} ´s}r-o'\E`1sho] Ok~E8o'v/s}Hx~¬`²\Zi1¥`os¤1s}_¤|~k~o`?BÅ C
³Erhoj©-[]\~v/hv/hd~s}E`UvLo'\E`E`QmVow/`8_¤_MiV© Cs}o`o'\Zilod`$~saEs}oE`1`19o'\E`i}hhk~_¤|~o'v/s}£sl 
vE~`8|`8E~`8E1`Usl o'\E`²v°o`8rilr'r'v¥ilwo'v_a`1h-osa~`8r'v¥`o'\~v/h-r`1hk~woj©
±É 	 	 1   3 
 /  4  2  	D	       (D 	   D          !	  	
  
 	= ) 	 D ?-	  	""	)?	D2	bDD    39IL/DU4?   $
	  H  3   = C
  ?   3 
 /  4 3 -M
 ( ·²`Q³EE`Ui_Milo'r'v m <3-vo'\»`8°o'r'v/`1h <35/ 
PK4v¥`89§°p
 3 / 
PK4?  /  $
	  H  3  = C
  ! #%$   & 3333  + ? 
 2 M
Cs}o`o'\Zilo :=v/h²v¥`8§)pS3 
 /  4©«¬p9kEh'v~¹o'\E`ahoilo'v/s}Zilr'voÆpsl o'\E`ailr'r'v¥ilwA|~rs)1`1hhvo
 Ås}ww/sjho'\Zilo  3 / 
 K4]v/h]r`18k~rh'v¥`8wp¹~`Q³EE`1»§)p
<35/ 
PK4? I
   = <3 YN=b/ 
 K 4    $ 	 / H  CJ3z4 ! #%$   &   3YN=? 
?
I
   = <3 YN=b/ 
 K 4    $ 	 / H  C9=J4 ! #%$   &   + ?  
?
I
   = <3 YN=b/ 
 K 4 < :=e/fKz4PM
Cs}o`-o'\Ziloo'\E`wSi}h'owvE``Qm~i}8o'wpa~`8Es}o`1ho'\E`_Milo'r'v ma|~rs3VkE8ojx)o'\°kEh <3 ? <3 YN=<  =ª©«¬p
vEVkE8o'v/s}Lvo] ´s}ww/sªho'\Zilo 3 ?  3 = ©A[]\E`8»vo] Ås}ww/sjho'\Zilo39IL/DU4?   $
	  H  3   = C
  ? I   =
I
  = 5 /  + ? 
 4 03+/ 
PK4?  3 
 /  4  3 SM
[]\E`»wSi}h'oM`1º)kZilo'v/s}Â\Es}w/~hnh'vE1`¹o'\E`»rsª ¥`18os}r 9v/hMo'\E`»v~vo'vSilwCh'oilo`»sl o'\E`»u¶ilr'¡sj¥
|~rs31`1hhilE¹hk~_¤_¤v~sj¥`8rCilwwav/h-o'\E`Uhil_a`i}h-r'v\°od_Uk~wo'v|~wp3v~M§)p ©
[]\E`n|~r`8¥3v/s}kEh¤w/`8_¤_Mi¶`8Zil§~w/`1h¤kEhos¶`QmV|~r`1hho'\E`1sh'o$ Ok~E8o'v/s} B   C$`QmV|~wv/8vo'wp Ås}ro'\E`
u£u£q qÀ©Z[]\E`1sh'o-v/h-Esª v¥`8»§)p
5/Du4 ? _U
)
I  =  
 I 
  =   /  I  H  :, 
4 YN=      SM
îÀî Ù"K~óL&õL
  &	"	
	 	 	  # 
Cs}o`Co'\Ziloilwo'\Es}k~\»`²¡3Esj o'\E`ho'r'kE8o'k~r`sl Ào'\E`²s}|~o'v_MilwH|s}wv/8pxVvo¬v/h]Es}o-v)o'k~vo'v¥`8wp
8w/`jilro'\Zilo-vo-v/hs}|~o'v_MilwHv¹o'\E`ji}h`sl o'\E`u£uLq q©E[]\E`² Ås}ww/sj-v~`Qm~il_¤|~w/`-vwwÀ8wSilr'v  Op
o'\~v/hdh'oilo`8_a`8°oj©²z)k~|~|sh`o'\Zilods}E`U\Zi}hCil£uLu£q q¿-vo'\9oÁsnh'oilo`1hj© \Es3sh`o'\E`rilo`1h
 =ilE  xCsl Ào'\E`qs}v/hhs}¹|~rs31`1hh`1h-hkE\¹o'\Zilo-o'\E`²|s}wv/8v/`1h-s}k~w/\Zij¥`|`8r'v/s3¹¤ilE»
r`1h|`18o'v¥`8wpLv  ±o'\E`uLu£q q v/hCEs}oilww/sj`1¶os\Zil~`¤h'oilo`©LtdE`1s}k~w/`Qm3|`18odo'\Zilo²v  
o'\E`²o'rilEhvo'v/s}»|~rs}§Zil§~vwvo'v/`1hossosailEs}o'\E`8rhoilo`ilr`²¥`8r'pnh'_MilwwyxVo'\E`s}|~o'v_Milw=|s}wv/8p
h\Es}k~w/M§`CiU_¤v mVo'k~r`Csl H§s}o'\n|s}wv/8v/`1hj©A«¬k~o¬o'\~v/h¬v/hEs}o¬o'\E`²ji}h`²i}h¬[]\E`1s}r`8_ÄV©  h'\Esjhª©
(  )+   ,);. R%%, ;)N %   ?
[]\E`]u¶ilr'¡sj¥3vSililr'r'v¥ilw3|~rs31`1hh_as3~`8w B´uLÇCq C=v/h id§~rsi}¤h'k~§8wSi}hhsl {_as3~`8w/h ´s}r ilr'r'v¥ilw
|~rs31`1hh`1hª©  o²\Zi}h²o'\E`h'|`18vSilw|~rs}|`8r'oÆp£o'\Zilo`8¥`8r'p9_Milr'¡`1¶|s}v°o|~rs31`1hhCv/h²o'\E`$`jil¡
wv_¤vosl ih`1º°kE`8E1`»sl u¶ilr'¡sj¥3vSil½ilr'r'v¥ilw|~rs)1`1hh`1h B´h`1`»ÇCh'_kEhh`8¿ilE 5ds)s}w/`9/W21CQ©
 ¦|~ri}8o'v/1`¹o'\~v/h_a`jilEh¤o'\Zilo¤¥`8r'p­`8E`8rilw-|s}v)oa|~rs31`1hh`1h¤jil¦§`»il|~|~rsjm3v_Milo`1¸§°p
il|~|~rs}|~r'vSilo`¬u£Çdq þhª©=[]\E`k~o'vwvoÆpsl ~o'\E`±u£Çdq9 Ås}ww/sjh= Ors}_ o'\E`A yi}8oHo'\Zilo=voÀv/hÀi-¥`8rh&ilo'vw/`x
p`8o=o'ri}8oil§~w/`xl Åil_¤vwpsl ~_as)~`8w/hªxª-\~v/\$jil|~o'k~r`1hÀ§s}o'\U§~k~rh'oÆpv~|~k~ohilEr`8k~wSilr=v~|~k~ohª©
u£ilr'¡sª¥)vSilLilr'r'v¥ilwP|~rs31`1hh`1hjil¹§`²_as)~`8w/`1v9i$¥ilr'v/`8oÆp¹sl ¬i1pVhj© []\E`_as)~`8w Ås}r
o'\E`Cu£Çdq­~`1h8r'v§`1Mv 5s3s}w/`!/b 1{\Zi}h¬o'\E`Ci}V¥il°oil`Co'\Zilo¬o'\E`_as3~`8wv/h±|Zilril_a`8o`8r'v¯j`1
-vo'\ Å`85|Zilril_a`8o`8rhj©   \Zil|~o`8r]b sl Z·²h'\ZilwSilw/sª /   13voÀv/hÀh'\Esª-o'\ZiloÀo'\E`¬uLÇCq£jil§`
_as3~`8w/`1h'kE\o'\ZiloHvoHv/hÀi¬Zilo'k~rilw°`8E`8rilwv¯ªilo'v/s}sl 3o'\E` qs}v/hhs}U|~rs)1`1hhª©=¼~k~r'o'\E`8r'_as}r`vo
v/h¬h'\Esª-o'\Zilo¬o'\E`8r`v/h]il¹ilZilw/s}s}kEh¬~`1h8r'v|~o'v/s} Ås}rVv/h8r`8o`dq 7 .ÆVv/h'o'r'v§~k~o'v/s}Ehj©  o'\~v/h
h`18o'v/s}5`MkEh`ao'\E`M_as)~`8w± ´s}r'_k~wSilo'v/s}­~`1h8r'v§`15v PkEjil)os}~vyx uL`8v/`8r. 7C`8ww/h'o`8r'¦ilE
C`8k~oh-/bJ  1Æx~-\~v/\£r`1VkE1`1ho'\E`1s}_¤|~k~oilo'v/s}ZilwA1s}_¤|~w/`Qm3voÁp»§°p¹kEh'v~ni¤_Milo'r'v mLilZilwp3o'v/
il|~|~rsi}\H©±¼~rs}_ o'\~v/h_as)~`8wPvoilw/hs¤`ji}h'vwpM ´s}ww/sªh-o'\Zilo-o'\E`u£uLq q¸v/hih|`18vSilwHji}h`²sl 
o'\E`u£ÇCqÀ©
Í Î É   Í 	
 OV Í
=`8o]  3 hU 8 A `§`iL1s}°o'v°kEs}kEhao'v_a`vr'r`1VkE8v§~w/`¹u¶ilr'¡sj¥5|~rs)1`1hh$-vo'\ TÃhoilo`1hj©
ÇChh'k~_a`Uo'\Ziloo'\E`$u£ilr'¡sª¥»|~rs31`1hhv/hdv£hoilo`
©[]\E`$hslt's}k~r'9o'v_a`v9o'\~v/h²h'oilo`Uv/hd`Qm .
|s}E`8°o'vSilwwpaVv/ho'r'v§~k~o`1a-vo'\M|Zilril_a`8o`8r	

©Ç ´o`8r o'\~v/h±o'v_a`-\Zi}h±`8wSil|Eh`1Px)o'\E`8r`dilr`oÆs
o'rilEhvo'v/s}¹|shhv§~vwvo'v/`1hj© Avo'\E`8r]o'\E`u£ilr'¡sª¥M|~rs31`1hh]_asj¥`1h]osh'oilo` M-vo'\n|~rs}§Zil§~vwvoÁpA   -vo'\`8E`8rilo'v~¶ililr'r'v¥}ilw s}ro'\E`|~rs31`1hh²_asj¥`1hos¹h'oilo`H? 
--vo'\|~rs}§Zil§~vwvoÁp


 -vo'\Es}k~o`8E`8rilo'v~ilLilr'r'v¥ilwy©A¾½vo'\¹o'\~v/h~`Q³E~vo'v/s}Lvo] ´s}ww/sªho'\Zilo
I
  =  

 : I
  = A

 ? _-K
 Ås}r±ilww_  
  T©[]\~v/h±~`Q³E~vo'v/s}ilw/hsv¥`1h r'v/h`-osUi²Zilo'k~rilw~`1h8r'v|~o'v/s}sl o'\E`-_as3~`8w
vMo`8r'_ahsl P_Milo'r'v milw`8§~riV©A·²`Q³EE`o'\E`_Milo'r'v m
-vo'\n`8w/`8_a`8°oh


 ?



  ´s}r
 H? {©
í æî í´ï
 
	! !	"#$%&'
(#"	) 
z3`8odo'\E`U`8w/`8_a`8)oh 

 
`1º)kZilw=os H 

©-·²`Q³EE`Uo'\E`U_Milo'r'v m -vo'\L`8w/`8_a`8)oh

 ? 
 A   ©
[]\E`v°o`8r'|~r`8oilo'v/s}¶sl o'\E`1h`²_Milo'r'v/1`1hv/h-v¥`8Li}h] Ås}ww/sjhª© []\E``8w/`8_a`8°oilr'p¹|~rs}§Zil§~vwvoÁp
o'\Zilo¤o'\E`8r`v/hEsilr'r'v¥ilw-vÂil¦vV³E~vo`1h'v_Milwv°o`8r'¥ilwsl Cw/`8~o'\¸ RU-\E`8o'\E`¹u¶ilr'¡sj¥
|~rs31`1hh$_asj¥`1h$ ´rs}_ h'oilo` 
²os£hoilo` v/h$v¥`8¦§°p 


  R8©ÇÄh'v_¤vwSilrv°o`8r'|~r`8oilo'v/s}
\Es}w/~h- ´s}rxV§~k~o-v»o'\~v/hji}h`²vo-r`8|~r`1h`8)oho'\E``8w/`8_a`8)oilr'p¹|~rs}§Zil§~vwvoÆpo'\Zilodil9ilr'r'v¥ilw
s318k~rhj©²[]\E`$vV³E~vo`1h'v_Milw`8E`8rilos}rsl ±o'\E`u£ilr'¡sª¥9|~rs31`1hhdv/hdo'\E`8¶v¥`8¶§°p 
 :©
Cs}o`²o'\Ziloo'\E`u£u£q qÂjil¹§`~`8r'v¥`1»§)pn\Es)sh'v~ 
 ?  H   ilE ?  d©
 s}r~`8ros¹~`8r'v¥`ail`QmV|~wv/8vo`Qm3|~r`1hhv/s}¶ ´s}r²o'\E`¤1sh'o² ´k~E8o'v/s}HxP`kEh`o'\E`¤hil_a`
il|~|~rsi}\9i}h¬vo'\E`²ji}h`²sl Ho'\E`²uLu£q q©~[]\E`o'rilEhvo'v/s}¹|~rs}§Zil§~vwvoÆpn_Milo'r'v m  /ZR4sl Ào'\E`
u¶ilr'¡sj¥¹r`8E`8]ilwÀ|~rs31`1hhL]/  35KPCJ354hU 8 A `xEv¥`8£vPkEjil)os}~vyxPuL`8v/`8r. 7C`8ww/h'o`8r'¶ilE
C`8k~oh /bJ 1Æx~v/hsl o'\E`C Ås}r'_
 /ZR4?  U+     ?   H 	 U   H 
 YN=  -K
-\E`8r`²il°ilvno'\E`d`8w/`8_a`8)oh 

 /ZR4Asl Ho'\E`_Milo'r'v m  /ZR4 ilr`v¥`8n§°pV5 /  3SG>= ? KPC 3-G>= R  3Z? 
 4- Ås}r0U 8 _©  o²ilw/hsn Ås}ww/sjh²o'\Zilo  / 4~`Q³EE`1¶§°p H 
 YN=  v/hinh'os3\Zi}ho'v/
_Milo'r'v mP© H`8o±o'\E`rsj¿¥`18os}r (§`o'\E`h'o`ji}Vp¤h'oilo`¥`18os}r¬sl Po'\E`u£ilr'¡sª¥¤|~rs)1`1hhj©[]\E`8(Ch&ilo'v/h%³Z`1h±o'\E`C`1º)kZilo'v/s}Eh (%/ 
 :
 4? A$ilE ( v? _©A·²`Q³EE`do'\E`d¥`18os}r¬rsj ¥`18os}r §°p
<? _(  (	 M
[]\E`8 av/ho'\E`h'oilo'v/s}Zilr'pL¥`18os}r²sl  / 4©[]\~v/hd Åi}8o²jil¶§`$`ji}h'vwp9h`1`8Lk~|s}¶Es}o'v~
o'\Zilo ( ? (/ 
 : H 
Z4 ? (%/ 
 : 4 H ( 
 ? H (
L©¿¾¿vo'\¿o'\~v/hs}§Eh`8r'¥}ilo'v/s}½vo
 Ås}ww/sjh$o'\Zilo   / 40? / (	 94 YN= ( 
 
 YN=  ? 3©L[]\E`u£Çdq~`Q³EE`1®§°p 3x 
 ilE
\Zi}h$h'oilo'v/s}Zilr'p®v°o`8rilr'r'v¥ilw¬o'v_a`1hª©  5o'\~v/hji}h``¡3Esj o'\Ziloo'\E`ns}|~o'v_Milw]|s}wv/8p5v/h
|`8r'v/s3Vv/ilE¹o'\E`1sh'o-v/h-o'\)kEh1s}_¤|~w/`8o`8wp¹~`8o`8r'_¤vE`1L§°p`1º°kZilo'v/s}Eh@BÅ C-ilE B   CQ©
[]\E` =il|~wSi}1`.Õz)o'v/`8wo´t'`1ho'rilEh% Ås}r'_ 3 
 /  4±sl o'\E`_Milo'r'v m  v/h-v¥`8»§)p3 
 /  4 ?  +  Y(' U  /Å R4 ?  +  Y(' U   U  H 
   H 
 YN=  ­ R
?  +  Y  )' Y   U  R ? /   H 
 4 YN=  M
[]\E`v°o`8r'|~r`8oilo'v/s}¶sl  3 
dv/h-v¥`8»§)po'\E`U`8w/`8_a`8°oh 3 
  /  4x~-\~v/\»r`8|~r`1h`8°oo'\E`U`Qm3|`1.
oilo'v/s}      +"! #%$    &   3 ? 
 }©«¬p H`8_¤_MiL E©W²¬`¡3Esj¸o'\ZiloABÅ Cv/hAv¥`8M§)po'\E`|~rs3VkE8osl %3 
 ©A[]\E`8r`Q ´s}r`o'\E`U1sh'o] Ok~E8o'v/s}HxZ-\E`8»kEh'v~¤o'\E`u£ÇCqÂi}hilr'r'v¥ilwH|~rs)1`1hhjx
îÀî Ù"K~óL&õL
9   &	"	
	 	 	  # 
v/hv¥`8»§°p
5/Du4 ? _U
)
I  =  
 I 
  =   /  I  H 
 4 YN=     SM
 1A -,A!
/b1 ©}Çwo'_MilHx«²©"<ilk}t'ilwEilEÇ$©27Cs}rVv tÕ¡©lu9k~wo'v_as3Vk~wSilr'voÆpx)1s}°¥`QmVvoÆp¤ilE$s}|~o'v_¤v¯ªi2.
o'v/s}¹|~rs}|`8r'o'v/`1hj©Z[=`1\~~v/jilwe`8|s}r'o[]¾3  3x H`8v/~`8ZXd~v¥`8rh'voÁpx=bj3©
/W21 ©Çdwo'_MilHx«²©<ilk}t'ilwyx}Ç$©27Cs}rVv tÕ¡UilE
<©25s3s}w/`©td|~o'v_Milw~i}V_¤v/hh'v/s}Hx}rs}k~o'v~ilE
h`8r'¥)v/1`¤i}hhv~_a`8°o1s}°o'rs}w sCo'\E`¤ji}h`sl hv~w/`§~kV¨`8rº)kE`8kE`1hj©[=`1\~~v/jilw¬e`8|s}r'ojx
 Ce  Çxbj"4V©
/W21¤z©jÇdh_UkEhh`8$ilE@<©(5ds)s}w/`©u£ilr'¡`1|s}v)o=|~rs31`1hh`1hÀi}h=wv_¤voh=sl Eu¶ilr'¡sj¥3vSil$ilr'r'v¥ilw
h'o'r`jil_ahj© "	      # 	= ) x{   sW   3}VxÀbjV©
/  1$u®©E«-ilr'o'rs}wvAilE£z©z)o'v/V\Zil_»x{rj©x[=sª¬ilr~hiak~~v ³Z`1»o'\E`1s}r'p9sl  h'o'r'kE8o'k~r`$sl  s}|~o'v&.
_Milw|s}wv/8v/`1hC Ås}rC1s})o'rs}w sl E`8oÆ¬s}r'¡£sl ¬º°kE`8kE`1hj©[À`1\~~v/jilw r`8|s}r'ojxP·²`8|Zilr'o'_a`8°oUsl 
td|`8rilo'v/s}Ehde`1h`jilr\HxzX~v¥`8rhvoÆp¹sl  Cs}r'o'\ ]ilrs}wvZiVx\Zil|`8w 7dvwwyxPbj"43©
/W21$u®©þ«²© ¬s}_U§Eg$ilEZt$©þE©E«]s1mV_MiV©"td|~o'v_¤v¯ªilo'v/s}Lsl Ah'oilo'v/²o'ri2EMUilww/s3jilo'v/s}¹|s}wv/8v/`1hª©   D 		 "      5  x=bj sbª% °Vx=bj9 E©
/   1$E© 7©P·²h'\ZilwSilw/sª©> #2	5  
'
     )9$62  #; 	#     = @ ©
¬e ½q r`1hhjxHbj
/Ý 1¾©A¼v/h'\E`8rilE 5¤©Ýz© uL`8v/`8r. 7C`8ww/h'o`8r'H©[]\E`»u£ilr'¡sª¥=.y_as3Vk~wSilo`1½qÀs}v/hhs}¸|~rs)1`1hh
B´uLu£q q C]1s3s}¡3§s3s}¡©   	"5   2	"  	"  xHb(4 sbJ °{bª3bxÀbjV©
/:421$«C© 7²it%`8¡©!mVo'r`8_MilwPh'|~wvo'o'v~¤sl H|s}v)o]|~rs)1`1hh`1hj© $6	"2
	"D A!   	"     
  	   xÀb  sW9 °3   x=bj"4V©
/W21@7©7d`Q¨P`1hCilE£·©þu®© PkEjil°os}~vy©PÇ u¶ilr'¡sj¥9_as)Vk~wSilo`1¶\Zilri}8o`8r'v¯ªilo'v/s}®sl  |Zi}¡.
`8o'v¯j`1Â¥s}v/1`ilE½Eiloio'ri2EMilE¿r`8wSilo`1½hoilo'v/h'o'v/jilwd_k~wo'v|~w/`QmV`8r¹|`8r% Ås}r'_MilE1`©
    D	       #    	 ' >> D 	"   x  zs:4    4   4Vx=bj"4   ©
/b 21<© 5s3s}w/`©   bJ 	; D    # 6	# )	>D!   	>>'  ©=qA\E· o'\E`1hv/hjx$Xd~v&.
¥`8rh'voÆpsl  =`8v/~`8Hx=bjV©
/bb1<© 5s3s}w/`©tdo'\E`Mh'oilo'v/Mi}hh'v~_a`8)oos¹|Zilrilww/`8w¬h`8r'¥`8rhj©    	"  	(  
"
   
	"D J  xPbjV©BOos¤§`²|~k~§~wv/h\E`1JCQ©
í æî í´ï
 
	! !	"#$%&'
(#"	) 
/bj21<© 5s3s}w/`dilE©°¥}ilM~`8r-z)wk~v/hj©°ÇdMs}|~o'v_Milww/s)jilwh`jilr\n|~rs31`1Vk~r`- Ås}r±_Mil~|sj`8r
h\E`1Vk~wv~v»jilww=1`8°o`8rhj© Ar'v t%`@Xd~v¥`8rh'vo`8voÇd_ah'o`8rEil_»©
/bj21 ©!Pvk¹ilEM·©3[=sjhw/`8p©td|~o'v_MilwvoÁpsl Po'\E`drs}k~E .yrs}§~vnrs}k~o'v~$|s}wv/8p©  	 
     # 	= ) xZVb-s       .  )}Vxbj9 E©
/bJ 1$·$©þu­© PkEjil°os}~vyx5¤©Ýz©AuL`8v/`8r. 7C`8ww/h'o`8r'¸ilE¦u®©þ¼]© C`8k~ohj©ÀÇh'v~w/`.Æh`8r'¥`8r¤º)kE`8kE`
-vo'\Lh`8r'¥`8rd¥}i}jilo'v/s}Eh²ilE£ia8wSi}hhdsl AEs}.yr`8E`8]ilwAilr'r'v¥ilw|~rs)1`1hh`1hj©5 #2	5  !
     # 	= ) xZ s   }V  Vxbj  V©
/bj21$Ç© ¾ ©Pu£ilrh\Zilww±ilE  ©$tdw¡3vH©   	  D    )%>$6	 "D (	"  	"#    
 D 	"   ©~Ç-ji}~`8_¤v/UqAr`1hhjxPbj}V©
/b   1$u®©þ¼]© C`8k~ohj©       #   b  	 D@$8	"DD  $	   )D 
	# 2'    D 	 
  ©Vu£ilr1`8wÀ·C`8¡3¡`8rjxHbj"4V©
/bª 1$u®©  ©VqAk~o`8r'_MilH© $8	;  !      b D D D   ' J      e  	;   )	>D   
	"@> ©~s}\~9¾¿vw/`8p z3s}EhjxHbj9 E©
/b(421 ©Eesh'§`8r'MilE9·©E[Àsjh'w/`8p© kEh'os}_a`8rrs}k~o'v~osa|Zilrilww/`8wh`8r'¥`8rh-vo'\9Vv ¨P`8r`8°o
rilo`1hj©    	  	    -   
	" J  xE   sbbJ   {bbJ °VxÀbj"4V©
/bj21¤z©þu®©{eshhj©  J # (     b  	 D  )	"@D    	>>' ©Ç-ji}~`8_¤v/qAr`1hhjx
bjV©
îÀî Ù"K~óL&õL
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - B.P. 93 - 06902 Sophia Antipolis Cedex (France)
Unité de recherche INRIA Lorraine : Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - B.P. 101 - 54602 Villers lès Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot St Martin (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - B.P. 105 - 78153 Le Chesnay Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, B.P. 105 - 78153 Le Chesnay Cedex (France)  	


  
ISSN 0249-6399
